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Highest Accuracy DAC 

18-bit monotonic performance 



The DAC9881 is the industry's highest accuracy digital-to-analog converter. Featuring 18-bit resolution, 
±2 LSB INL, ±1 LSB DNL and a small QFN package, the DAC9881 increases performance and simplifies 
designs in precision applications such as automatic test equipment, instrumentation, process control, data 
acquisition and communications systems. That's High-Performance Analog »Your Way™. 



www.ti.com/dac9881 1.800.477.8924 ext. 4673 

Get samples and evaluation modules 
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Visit www.digikey.com 
for the industry's 
broadest selection 
of semiconductors! 
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Quality Electronic Components, Superior Service 



Digi-Key Corporation purchases all product 
directly from its original manufacturer . 



*New product added daily. 
© 2008 Digi-Key Corporation 



www.digikey.com 

1.800.344.4539 

701 Brooks Ave. South • Thief River Falls, MN 56701 • USA 



Automotive Sensors 
Circuit Protection Solutions 

Magnetic Products 
Microelectronic Modules 
Panel Controls & Encoders 
Precision Potentiometers 
Resistive Products 



J How Will You 

> Protect Your Circuits? 




Circuit protection is a crucial part of any design decision today. 
No one understands that better than Bourns. We have developed 
the industry's broadest line of circuit protection solutions - backed 
by a global team of technical experts. Our customers are assured 
of finding the optimal solution for their application with Bourns' 
collective knowledge from years of circuit protection support. 
Beyond product depth and support, we have innovative new 
technologies that solve tough design challenges. Bourns' new gated 
thyristors provide faster and more efficient protection that reduces 
costs. Our symmetric gas discharge tubes regulate breakdown voltage 
innovatively. And Bourns' new polymer PTCs overcome voltage 
variability to extend product life. In the New World of Bourns, we 
have the technology to protect your circuits. 

www.bourns.com/circuitprotection 



© Bourns - the company you have relied on for more than 60 years. 



POURNS 

Built on Trust. . . Based on Innovation 



Thin Is In 

6-MHz, 500mA DC/DC converter builds thin 



Tl's 6-MHz buck converter, TPS62601, is the smallest 500mA DC/DC solution on the market. It 
builds extremely thin with 0.6mm height and an ultra-small footprint of 13mm 2 , making it ideal 
for applications where space limitations are critical and performance and efficiency are required. 
High-Performance Analog»Your Way™. 



www.ti.com/tps62601 1.800.477.8924 ext. 4672 

Get datasheets, samples and evaluation modules 



13 mm 2 




Total Height 
0.6 mm 
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BERGQU 1ST HIGH-PERFORMANCE SILICONE LIQUID ADHESIVES 




CureYbur 
Thermal Issues 
In A Single Pass, 



New Liqui-Bond® Silicone Adhesive Screen Prints On Superior Thermal 
Performance To Simplify Component And Heat Sink Attachment 



Bergquist's new silicone adhesive - Liqui-Bond® SA 1800, 
is made for screening, designed for cooling. 

It's amazing what a single pass of Bergquist's new Liqui-Bond SAI800 
can accomplish. The high bond strength of this liquid adhesive allows 
you to eliminate mechanical fasteners and the high thermal conductivity 
increases the thermal performance of your assembly. Its low viscosity 
allows it to be stenciled or screened in 
position with precise control. Liqui-Bond 
SAI800 delivers an excellent thermal 
conductivity of 1 ,8W/m-K.This product 
is able to achieve a very thin bond line 
with high shear strength for a strong, 
stable structural bond. 




Eliminate fasteners with Liqui-Bond® SA 1800. 

Liqui-Bond SAI800 is an ideal selection for applications such as power sup- 
plies, motor controls, electronic control modules, audio amplifiers and discrete 
devices.This product joins our growing family of other high performing RoHS 
compliant thermal solutions.Today's rapidly changing electronic market turns 
to Bergquist to keep their world's electronic components running cool. 

Contact us to receive your FREE sample. 

Take a closer look by requesting 
a FREE Liqui-Bond CD 
animation, sample and 
product Information 



Liqui-Bond® SA1800 has a low viscosity, making it easy to achieve ^°^ a y Click online or 
a thin bond line with high shear strength for electronic assemblies, call US directly to qualify. 



Call 1.800.347.4572 orvisitwww.bergquistcompany.com/screenprint 




FREE Liqui-Bond® Demo CD, 
Product Information and Sample. 
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COMPANY 

I 8930 West 78th Street • Chanhassen, MN 55317 • A ISO900l:2000 registered facility 
(800) 347-4572 • Phone (952) 835-2322 • Fax (952) 835-0430 • www.bergquistcompany.com 



Thermal Products • Membrane Switches • Touch Screens • Electronic Components 




A turn-off: Power 
management 
complicates life for 
verification engineers 

^\ Advanced energy- 
J saving techniques 
V-y ^— can cause vast difficul- 
ties in the verification process. 
by Ron Wilson, Executive Editor 



Power-over-Ethernet 
chips: to the spec and 
beyond 

Power over Ethernet 
J *\ allows a basic Category 
^— 5 or 6 cable to carry 
both data and power, enabling sim- 
ple and inexpensive installations of 
equipment such as VOIP phones, 
cameras, and wireless-access 
points. 

by Margery Conner, 
Technical Editor 
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Start with the right 
op amp when driving 
SAR ADCs 

A ^\ Using the right opera- 
tional amplifier in front 
T V-^ of your data converter 
will give you good performance. 
Adjusting component values by 
production lot will give you the 
best performance. 

by Miro Oljaca and Bonnie C 
Baker, Texas Instruments 



IDEAS 




Precision analog bests digital in speed, noise, simplicity, and ease of implementation 
Multiplexing technique yields a reduced-pin-count LED display 
Derive a simple high-current source from a lab supply 
Send your Design Ideas to edndesignideas@reedbusiness.com. 
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See the bigger picture... 

with feature-rich tools for debugging mixed signal designs. 






MSO4000 Series Mixed Signal Oscilloscopes 
Performance Specifications 




DPO4000 Series Oscilloscopes 
Performance Specifications 


Models 


MS04032, MS04034, MSO4054, MS04104 




Models 


DP04104, DP04054, DP04034 


Bandwidth 


1 GHz, 500 MHz, 350 MHz models 




Bandwidth 


1 GHz, 500 MHz, 350 MHz models 


Channels 


2 or 4 analog and 1 6 digital 




Channels 


4 analog 


Record Length 


1 M points on all analog and digital channels 




Record Length 


10 M points on all channels 


Sample Rate 


Up to 5 GS/s (analog) / Up to 1 6.5 GS/s (digital) 




Sample Rate 


Up to 5 GS/s on all channels 


Display 


10.4 in. (264 mm) XGA 




Display 10.4 in. (264 mm) XGA 


Serial Bus Trigger 
and Decode 


PC, SPI, RS-232/422/485/UART, CAN, LIN, FlexRay 




Serial Bus Trigger 
and Decode 


PC, SPI, RS-232/422/485/UART, CAN, LIN, FlexRay 
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NEW! DPO3000 Series Oscilloscopes 


Performance Specifications 




Models 


DP03054, DP03052, DP03034, DP03032, DP03014, DP03012 


Bandwidth 


500 MHz, 300 MHz, 100 MHz models 




Channels 


2 or 4 analog 




Record Length 5 M points on all channels 


Sample Rate 


2.5 GS/s on all channels 




Display 


9 in. (229 mm) WVGA widescreen 




Serial Bus Tri 


gger PC, SPI, RS-232/422/485/UART, CAN, LIN 




and Decode 








See more. 

Try the virtual product demo at: 
www.tektronix.com/bigpicture 



See more and solve faster with Tektronix DPO and MSO Series oscilloscopes. This feature-rich family 
of oscilloscopes, with bandwidths up to 1 GHz, have the power and functionality to help make your 
work easier. With Wave Inspector® you can easily search and navigate through uncompromised long 
records; and large, high-resolution displays let you clearly see all on-screen data and catch glitches 
you might otherwise have missed. Combine this with integrated serial trigger, decode and search, 
and you will be debugging mixed signal designs faster and easier than ever before. 

Tektronix 8 

/ 

Enabling Innovation 



2008 Tektronix, Inc. All rights reserved. Tektronix products are covered by U.S. and foreign patents, issued and pending. TEKTRONIX and the Tektronix logo are registered trademarks and Wave Inspector is a trademark of Tektronix, Inc. 
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1 5 AC/DC-power supply ups power density with 
innovative magnetics, digitally controlled modules 



15 $ 1 799 mixed-signal scope takes 1 G sample/sec/ 
channel in real time 

Low-cost, 60- to 300-MHz DSOs offer deeper 
memory, more features 



POE devices cater to higher-powered applications 

Research Update: IBM, ITRI explore solid-state 
"racetrack memory"; Tiny lens harnesses oscillating 
water droplets; Slimmer light guide heralds ultra- 
thin-LCD panels 
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& COLUMNS ROUNDUP 



10 EDN.comment: White spaces and black hearts 87 Discrete Semiconductors: Power MOSFETs; 

t, I ■ 600V ICs; 8, 1 2, and 1 6A triacs; and more 

Signal Integrity: The shot heard round the world 



Supply Chain: Programming presents opportunity 
for distribution; Sensors to drive global MEMS 
market to $8.8 billion in 201 2; EU recharges 
battery directive 
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Hello zero power 
Hello ultra-small packages 
Hello MAX IIZ CPLDs 





STANDBY 



With standby power as low as 29 fjfk and packages as small as 5x5 mm 
design engineers everywhere are welcoming Altera's new zero-power 
MAX® IIZ CPLDs. Based on the industry's lowest-cost CPLD, MAX IIZ 
devices lengthen battery life by consuming less dynamic and static 
power than traditional macrocell-based CPLDs. And, they save space 
with more I/O and logic in every package. Hello portable applications. 

Copyright © 2007 Altera Corporation. All rights reserved. 




www.altera.com 



Downsize 
Your Design 
By 60% 
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EXPANDED ENGINEERING COVERAGE PLUS DAILY NEWS, BLOGS, VIDEO, AND MORE. 




ONLINE ONLY 

Check out these Web-exclusive articles: 
Studying the second-generation 
Apple iPod Touch 

A dissection reveals the inner workings 
of the touchscreen-driven iPod, includ- 
ing some thus-far-inactive functionality. 
Bluetooth and FM reception, anyone? 
www.edn.com/article/CA6600223 

ARM develops IP for Common Platform 
alliance 32-nm, 28-nm nodes 

ARM will develop and license a platform 
of physical IP (intellectual property) for the 
IBM-led Common Platform alliance as the 
group moves its SOC work to the 32- and 
28-nm nodes based on high-k metal-gate 
technology. 

www.edn.com/article/CA66001 95 

Toshiba, SanDisk look to expand 
digital-media delivery via SD cards 

The two memory rivals separately 
announced partnerships that encourage 
the use of SD cards for the download and 
purchase of digital media. 
www.edn.com/article/CA6599447 

Android phone announced; platform 
expected to gain 4% of US fourth- 
quarter smartphone share 

The Google branding behind T-Mobile's G1 
Android-based smartphone will take it and 
the platform only so far, analysts say. 
www.edn.com/article/CA6598438 




CALL FOR NOMINATIONS 

We're now accepting nominations for 7 " 
EDA/'s 19th annual Innovation Awards, 
which will take place in March 2009. 
Visit the Innovation home page to learn 
about and begin the simple nomination 
process. 
www.edn.com/innovation 
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READERS' CHOICE 

A selection of recent articles receiving 
high traffic on www.edn.com. 

Silicon germanium: fast, quiet, and 
powerful 

SiGe processes can give analog-circuit 
designers fast, high-voltage transistors with 
low noise, whereas BiCMOS SiGe fits into 
CMOS process flows. 
www.edn.com/article/CA6594090 



DisplayPort versus HDMI: Do we 
really need two digital-display-interface 
standards? 

www.edn.com/article/CA6594089 

Add margining capability to a dc/dc 
converter 

www.edn.com/article/CA659409 1 

Know your ceramic capacitor, part one 

www.edn.com/article/CA6594098 



FOLLOW THE DOTTED LINES 

When visiting EDN.com, you may run 
across special links that have a dotted 
underline. Unlike other sites that use 
such links to trick you into viewing ad- 
vertising, we're using them to lead you to 
our new Hot Topics pages, where you'll 
find copious links to information from 
not only EDN but also the entire elec- 
tronics-industry Web. Follow a dotted 
link, or visit the Hot Topics home page. 
www.edn.com/hottopics 



Lab View 8.6 adds wireless, enhances multkore and FP6A 
features 




Using these technologies, you can develop a wireless-sensor network and control It with LabVlew. 
You can also download driveremr numerous proprietary wlreless-sersorriielworks. and. using me 
ss Toolkit, you ca 




IR'sSup/ffBuck™ 
Integrated Regulators for 
POL applications shrink 
silicon footprint 



v 1 1 X X 
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Discrete solution: 
3x4mm MLPD + 
2xS0-8 FETs 

Board Area: 
~100mm 2 



IR38XX 
Sup//?Buck 

Board Area: 40mm 2 




Sup//?Buck Advantages: 

• 5mm x 6mm Power QFN package 

• 60% size reduction compared to 
discrete solution with MLP IC and 
2xS08M0SFETs 

• Fewer discrete components 
required 

• Compatible with back-side board 
mounting for maximum 
space reduction 



For more information 
call 1 800 981 8699 or visit us 
at www.irf.com/dcdc 



International 
TOR Rectifier 



THE POWER MANAGEMENT LEADER 




E D N . C O M M E N T 




BY PAUL RAKO, TECHNICAL EDITOR 



White spaces and black hearts 

Google co-founder Larry Page is still pushing radio white- 
space proposals (Reference 1). White space refers to the 
unused television channels in a region, along with the 
spectrum-guardband buffer between channels. Page 
makes the absurd claim that small devices, such as his 
new Gl phone, cannot possibly cause white-space in- 
terference. He calls recent tests on white space "rigged" and "despicable" 
because the testers conducted research on wireless-microphone-interfer- 
ence avoidance while using nearby TV frequencies. 



I remember the days when Google's 
mantra was "Do no evil." I suspect 
that Page, referring to Google's "Free 
the Airwaves" publicity campaign, 
thinks he is doing no evil — perhaps 
even doing good — by helping the 
people. I agree that the telecommuni- 
cations industry has a history of despi- 
cable behavior. And, although the in- 
dustry needs to address the high costs 
of cell-phone plans and the associat- 
ed poor quality and lousy service, Page 
is wrong to call broadcasters despica- 
ble for fighting something that almost 
certainly causes TV interference. 

Some analog engineer should ex- 
plain to Page that the size of a de- 
vice has nothing to do with interfer- 
ence. A few watts from a cell phone 
are enough to interfere with the micro- 
volt TV signals your tuner is trying to 
pick up. The real problem lies with the 
base stations. Unless the White Spac- 
es Coalition Wireless Innovation Alli- 
ance (www.wirelessinnovationalliance. 
org) proposes to make a device-to-de- 
vice mesh network, it will need base 
stations, just as any other cell-radio sys- 
tem needs base stations. And, unless 
the coalition proposes to put those base 
stations into satellites, the base stations 



will be near a bunch of TV receivers. A 
lot of neat charts show that radio trans- 
missions occupy only a small slice of 
guardband, but RF artifacts, including 
side-lobe and multipath effects — in- 
herent in the real-world transmission 
of radio waves — will occur with white- 
space broadcasts, too. 

It is madness to propose the intro- 
duction of any potentially interfering 
devices until after the rollout of digital 
TV next February. My experience is 
that digital is not all that it is cracked 
up to be. A plane landing nearby or 
someone using 802.11 or unlicensed 
devices seems to cause problems with 
some digital TV broadcasts. Other dig- 
ital broadcasters' signals are so weak 
that the broadcasts keep dropping 
out and become unwatchable. Ana- 
log transmissions from the same broad- 
caster may come in "snowy," but the 
audio is crystal-clear and you can still 
watch the broadcast. Like most oth- 
er things of a digital nature, it is per- 
fect when it works, but let's wait until 
we see how delicate these digital-TV 
transmissions are before we put even 
more interfering devices into the same 
frequency bands. 

Page may want to consider the so- 



cial-class component of all these pro- 
posals. Millions of people in the Unit- 
ed States cannot afford cable or sat- 
ellite TV. They won't be buying a 
smartphone, and they won't be us- 
ing Google to find coffee shops sell- 
ing lattes with just the right amount 
of foam. These people are living from 
paycheck to paycheck, and the one 
respite they get after a day's work may 
be watching free broadcast television. 
Just because Google and the cell- 
phone companies have better lobby- 
ists and more money than the broad- 
casting industry is no reason to abuse 
these people. 

The Federal Communications Com- 
mission (www.fcc.gov) has become 
less concerned about interference and 
more concerned about money. It has 
gone from being a technical organi- 
zation to being a political one. With 
modern-day fiscal disasters, such as 
the war in Iraq and the collapse of 
the housing market, the FCC is under 
even more pressure to add to the rev- 
enue stream. Nevertheless, the indus- 
try should put white- space transmis- 
sions on hold until we see how badly 
the digital-TV rollout hurts broadcast 
television. The cell-phone companies 
engineered one rip-off of US citizens 
with digital TV. Let's not allow the 
Web-search and computer companies 
to pull off another one.EDN 

REFERENCE 

CI Whoriskey, Peter, "Update: Google 
Guy's Words Get Quick Response," 
The Washington Post, Sept 24, 
2008, http://voices.washingtonpost. 
com/posttech/2008/09/google_guy_ 
white_spaces_test_r.html?hpid= 
sectech. 

Contact me at paulrako@edn.com. 
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PAIRCHII-D 

SEMICONDUCTOR® 



1000s of products, 

1 goal: energy efficiency 




AC-DC (off-line) 



I Power Factor Correction - 



Isolated DC-DC 



Non-Isolated DC-DC - 



Primary 



Secondary 
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Bridge 


Input Filters 




Rectifiers 



PFCor 
PFC/PWM 
Controllers 



Low -Side 
Gate 
Drivers 



w 

Diodes 



Bulk DC 
Voltage 



MOSFET/ 

IGBT 
Switches 



PFC/PWM Combo Controllers 



Standby 
Voltage 




HViC or Low- 
Side Drivers* 
Gate Drive 
Transformers 



Primary 
MOSFET 
Switches 



Primary 
PWM 
Controllers 



(FPS™) 



Power 
Transformer 



Output 
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Standby 




Standby 






MOSFET 
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Controllers 




Fairchild Power Switches 
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Pulse 
Transformer 



Bulk Voltage 
or Load 



Low-Side/Synchronous 
RecHf ier Gate Drivers 



Pulse 
Transformer 



Low-Side 
Gate 
Drivers 



Secondary 

PWM 
Controllers 



Opto- 
couplers 



Voltage 
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Optically Isolated 
Error Amplifiers 
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Controllers 



DC -AC Backlight Inverter Solution 2-\ 



PWM/PFM 




MOSFET 




Controllers 




Switches 






Integrated Switching Regulators 



+ Sync-Buck/ 
Mulfrphase Drivers 



MOSFET |_, 
Switches 



+ Sync-Buck/ 
Multi-phase Drivers 



LDOs/ 
Linear 
Regulators 



Syn 
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'rivers 
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IntelliMAX™ Load 


Filters 




Protection 
Switches 







Output 
Filters 



IntelliMAX'" Load 
Protection 
Switches 



Voltage 
Supervisors 



IntelliMAX*" Load 
Protection 
Switches 



DC-AC Backlight 
Inverter Solution 1 



Inverter 

pvVM -* M 9SFET Transformer 
Switches 



Lamps 
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Note: Fairchild 
provides solutions for 
the blue/green 
shaded boxes. 



Energy-efficient solutions for designers. And their 6 billion neighbors. 



From power analog and power discrete products to online 
tools and FAEs, Fairchild has the resources you need to develop 
energy-efficient designs for power-sensitive applications. 

To download Fairchild's Power Solutions Brochure, please visit 
www.fairchildsemi.com/ power. 
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See farther down the road than ever before. 



Avoid risks with SoC "Virtual Prototyping" before design start. 

Toshiba innovation now enables SoC customers to view a 
"Virtual Prototype" before design start.. .with chip, package 
and PCB constraints*. Jong before conventional prototypes are 
available. This dramatically minimizes risks, cuts costs and can 
reduce time-to-market by months. Toshiba's bold new capability 
further cements its leadership as an EDA/ design powerhouse for 
ASICs 65nm and beyond. In addition, our one-stop-shop model 
offers the flexibility of handoff from RTL to GDSII. 

I 06 mBA \ F° r your next SoC project, look no further than Toshiba, 
J one of the worlds largest SoC/ ASIC producers, and 
dddH see farther down the road to success than ever before. 



^FfJZ ChipQuest 

MnMMl On-line Game to win 
^j-jgjMl a Noise Cancellation 
Headset, Wireless 
Internet Hot Spot 
Finder, or high-powered flexible 
LED light, (while supplies last), 
plus all players* will be entered 
in monthly drawings to win a 
Garmin GPS nuvi 200. Enter at 
SoCworld.toshiba.com. 
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♦ I VIRTUAL MODEL SIGNOFF IN ABOUT 

4 WEEKS AFTER DESIGN START 

♦ 1 MINIMIZE RESPIN RISK 

#) REDUCE DIE/PACKAGE 

CO-OPTIMIZATION ITERATIONS 
BY NEARLY 5 MONTHS 
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TOSHIBA 

Leading Innovation »> 




©2008 Toshiba America Electronic Components, Inc. All rights reserved. 
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World -Trusted 
Data Acquisition 
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Simple, Secure, Wi-Fi DAQ 

■ Up to 50 kS/s/ch, 24-bit 
measurement resolution 

■ 128-bit AES data encryption 

■ Starting at $699* 




Multifunction USB DAQ 

■ Up to 1.25 MS/s, 16 bits 

■ Starting at $159* 




High-Performance PC DAQ 

■ Up to 4 MS/s/ch, 16 bits 

■ PCI and PXI Express 
options available 

■ Starting at $429* 



Find the right DAQ 
device for your 
project at ni.com/daq 

800 454 6119 



£T NATIONAL 
INSTRUMENTS 



©2008 National Instruments. All rights reserved. National Instruments, Nl, 
and ni.com are trademarks of National Instruments. Other product and 
company names listed are trademarks or trade names of their respective 
companies. *Prices subject to change. 2008-9625-301 -1 01 -D 



Design Simply 



Introducing Virtex-5 TXT Platform. 
Single-chip, low-risk migration to 100G. 
www.xilinx. com/virtexStxt 



Design Completely 



Design Today 



The Virtex®-5 Family: 

The Ultimate System Integration Platform 

• Increase Your System Performance 

• Lower Your System Cost 

• Design with Ease 

The Virtex-5 family delivers unparalleled system integration capabilities for driving 
your most mission-critical, high-performance applications. With a choice of five 
platforms optimized for logic, serial connectivity, DSP and embedded processing with 
hardened PowerPC® 440 processor blocks, the Virtex-5 family delivers an unprecedented 
combination of flexibility and performance — backed by world class application support. 

Only the Virtex-5 family offers you a complete suite of design solutions built on proven 
65nm technology in devices shipping today. 

Get started on your Virtex-5 design. Visit www.xilinx.com/ise for a free 60 day evaluation 
of any ISE® Design Suite 10.1 product. 
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www.xi I i nx.com/vi rtex5 
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INNOVATIONS & INNOVATORS 



AC/DC-power supply ups power density with 
innovative magnetics, digitally controlled modules 



Incorporating a new dual- 
function-transformer design, 
digitally controlled modules, 
and an online product configu- 
rator, a new series of digitally 
controlled power modules joins 
Lambda's NV-Power (www.nv- 
power.com) line. The modules 
feature a magnet device com- 
prising two transformers on 
one core. The device alternates 
as a transformer and an induc- 
tor and is integral to the sup- 
ply's synchronous-rectification 
process. Lambda claims that 
the transformer is 20% smaller 
and delivers 30% more power 
than conventional designs. 

The digitally controlled mod- 
ules allow customization based 
on an application's require- 
ments, such as modified cur- 




The Lambda NV-Power series fea- 
tures a new dual-function-transformer 
design that alternates transformer 
and inductor functions. The NV-700 
series provides as much as 700W 
of output power; the NV-350 series 
provides as much as 350W of output 
power. 

rent-limit or start-up character- 
istics. Using the NV-Power con- 
figurator, designers can create 
their own configuration online, 
and the tool checks the con- 



figuration and suggests 
the optimal approach. 
The series uses an 8-bit 
Atmel (www.atmel.com) 
microcontroller to handle 
housekeeping routines 
and replace many of the 
comparators, op amps, 
and other otherwise- 
necessary discrete com- 
ponents, resulting in a 
50% parts-count reduc- 
tion. Power density for 
the series is as high as 
19W/in. 3 . All units oper- 
ate with an input range of 
90 to 264V ac. 
The NV-350 series 
provides as much as 350W 
of output power with less- 
than-180V-ac mains and as 
much as 660W continuous, or 



740W peak for 10 seconds, 
with greater-than- 1 80V-ac 
mains. As many as six user- 
selectable outputs fit into a 
1.6x3.75x10.8-in. package. 
The NV-700 series provides 
as much as 700W of output 
power with less-than-1 50V-ac 
mains and as much as 1 1 50W 
continuous, or 1 450W peak for 
1 seconds, with greater-than- 
150V-ac mains. As many as 
eight user-selectable outputs 
fit into a 1 .6X4.92X 1 0.8-in. 
package. 

The series targets the instru- 
mentation, medical-equipment, 
server, and security-network 
markets and is available now 
with prices starting at $214 
each (100), depending upon 
the configuration. 

-by Margery Conner 

Lambda Power 
www.lambdapower.com. 



$1799 mixed-signal scope takes 1G sample/sec/channel in real time 



Link Instruments' $1799, PC-based 
MSO (mixed-signal oscilloscope)-921 2 
features 1 G-sample/sec real-time sam- 
pling, or 50G samples/sec for repeti- 
tive signals, and a 2 million-point/chan- 
nel data buffer with fully synchronized 
and cross-triggered analog- and digital- 
waveform acquisition. 

The unit provides 1 4 channels-two for 
analog inputs and 1 2 for logic inputs. The 
input samplers' bandwidth is 200 MHz 
for the analog-input channels and 150 
MHz for the logic-analysis channels. Ad- 
vanced triggering options include rising/ 
falling edge, 12-bit logic, l 2 C (inter-inte- 
grated circuit) and SPI (serial-peripheral- 




The $1 799, PC-based MSO-921 2 mixed- 
signal oscilloscope comprises the main 
unit (left), on which you find the two analog 
inputs and the trigger input; the logic pod 
(right), which acquires signals from the 1 2 
logic inputs; and a tiny ac/dc-power sup- 
ply (not shown). 



interface) buses; pulse width and count; 
and pulse-window mode, which triggers 
on pulses within specified parameter 
ranges. 

The lightweight, 7.9x4.7 X 1 .5-in. MSO- 
921 2 connects to a PC through a high- 
speed USB 2.0 port. The 1 2-channel digital- 
input module, or logic pod, measures 4.25X 
3.87x0.8 in., and the ac/dc-power supply 
measures 2.1 X 1 .8x 1.1 in., not including 
the ac-power-input blades that project 
from it and plug into the ac source. For 
more details, go to www.edn.com/article/ 
CA6596985.-by Dan Strassberg 

Link Instruments Inc, 
www.linkinstruments.com. 
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Low-cost, 60- to 300-MHz 
offer deeper memory, more 



Buyers at the low-priced 
end of the DSO (digi- 
tal-storage-oscillo- 
scope) market may not de- 
mand breakthrough features 
or bandwidths beyond 10 
GHz, but they do insist on 
solid value, ruggedness, and 
ease of use. Those who have 
only approximately $1000 to 
$2300 to spend on a scope 
can't allow themselves the 
temptations of such niceties 
as extended DSP capabili- 
ties or bandwidths and screen 
sizes greater than their re- 
quirements—unless they can 
get those attributes at prices 



within their budgets. For the 
last two and a half years, the 
lowest-priced series in Le- 
Croy's broad line of scopes 
has been a family of two- and 
four-channel instruments with 
bandwidths of 100 to 500 
MHz and US prices that begin 
at approximately $3000. Un- 
happily for the company, those 
scopes' elegant features didn't 
attract many of the shoppers 
who had been searching for 
instruments at half that price, 
especially when several well- 
known competitors offered 
more basic products at the 
desired prices. 




All members of the WaveAce family include 5. 7-in. -diagonal color 
LCDs, a front-panel USB-host port for memory sticks, and a rear- 
panel USB-device port for connecting to a PC. The distinctive 
dark front panel makes the units easily recognizable. 



DSOs 
features 

LeCroy's announcement of 
the WaveAce family of 60- to 
300-MHz, two-channel real- 
time scopes changes the sit- 
uation and provides buyers 
with enhanced performance 
and features without exact- 
ing a price penalty. The fam- 
ily includes a 300-MHz unit, 
whereas the competitive low- 
cost families top out at 200 
MHz. WaveAce scopes make 
automated measurements 
of 32 waveform parameters, 
whereas competitive units 
make such measurements 
on only 1 1 parameters. In the 
200- and 300-MHz units' 2G- 
sample/sec, single-channel, 
interleaved-sampling mode, 
WaveAce units capture re- 
cords as deep as 1 6k samples, 
whereas competitive units of- 
fer only 2.5k or 4k samples. 
(At the time of LeCroy's press 
briefing, it was unclear wheth- 
er the first units the compa- 
ny shipped would include the 
1 6k-sample memory depth or 
whether the maximum memo- 
ry depth would initially be 8k 
samples. In that scenario , pur- 
chasers of the initial units will 
be able to upgrade at no cost 
and without hardware modifi- 
cations when the 16k-sam- 
ple feature becomes avail- 
able; downloading the firm- 
ware upgrade will take about 
five minutes, and installation 
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CATBERT, EVIL DIRECTOR 
OF HUIAAN RESOURCES 



OUR NEW POLICY IS 
NO DRINKING 
COFFEE DURING 
WORK. 




THAT SHOULD REMOVE 
ALL DOUBT THAT OUR 
POLICIES ARE DESIGNED 
FOR ANY REASON 
OTHER THAN 
EVIL 




YOUR HONESTY 
IS REFRESHING. 



STOP 
RUINING 

THE 
/10r\ENT!!t 




m FEEDBACK LOOP 
"The biggest 
problem with traf- 
fic lights is the 
people who set 
them. Locally, we 
have an advi- 
sory council who 
sets speed limits 
and traffic lights. 
The head of the 
group (a county 
employee) uses 
the excuse that 
he doesn't know 
how to set them 
to match traffic 
flow, but he's still 
employed and 
still setting them 
to impede traffic." 

—Reader Robert Wethington, 
in EDN's Feedback Loop, 
at www.edn.com/article/ 
CA6590194. Add your com- 
ments. 




will take five more minutes.) 
Moreover, all WaveAce units 
offer color displays, whereas 
one competitor offers a mix 
of color and monochrome. The 
5-lb WaveAce units occupy a 
space that is only 5 in. deep 
on your benchtop; the units 
of one competitive family are 
more than twice as deep. 

The WaveAce family includes 
six members, two with 60-M Hz 
bandwidth, two with 1 00-MHz 
bandwidth, one with 200-MHz 
bandwidth, and one with 300- 
MHz bandwidth. One 60-MHz 
unit and one 100-MHz unit 
provide memory of 4k sam- 
ples/channel. In the two-chan- 
nel mode, all others provide 8k 
samples/channel. US prices 
range from $950 to $2290. 

-by Dan Strassberg 

LeCroy Corp, www.lecroy. 
com. 
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Look what 40 years of analog leadership 
does for power management ICs. 



Our newest voltage monitoring and 
sequencing innovations 

±0.8% Accurate Quad Voltage Monitors 
ADM1184 and ADM1186 

Industry leading accuracy and a high level of functional integration 
in tiny packages. Additional functionality in the ADM1186; includes 
the ability to perform up/down sequencing. 

Dual and Triple Supervisors 
ADM13305 and ADM13307 

Ten models in 8-lead SOIC packages, with options for pretrimmed 
undervoltage threshold, adjustable inputs, and watchdog timers. 

Compact Multivoltage Sequencers and Supervisors 
ADM1062 to ADM1069 

Programmable devices for multiple supply systems; integrated 
1 2-bit ADC and four 8-bit voltage output DACs for power 
supply margining. 
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±0.8% accurate monitors and sequencers that give 
your customers safer, more reliable operation. 



CORE VOLTAGE - 




Industry's Best Threshold Accuracy, 2 to 12 Supplies 

High accuracy is critical when monitoring low voltage cores. 
With up to 2 x the accuracy over temperature of competitive parts, 
these ADI products offer the ability to maintain a much tighter voltage 
tolerance, thereby maximizing system protection. 



For years, engineers have relied on our analog and mixed-signal ICs to 
enable their telecommunications, data communications, medical, and 
instrumentation designs. See how we are applying this design expertise to 
power management, delivering solutions that not only provide best-in-class 
functionality, but also improve the performance of your analog circuit. 
Case in point: the ADM1184, integrating ADI's ±0.8% accurate voltage 
reference technology, offers best-in-class accuracy to prevent data loss 
and failures in high performance applications. 

See what 40 years of analog leadership can do for your power designs. 
Email ADI's power technical support at power.management@analog.com. 



analog is everywhere: 



www.analog.com/power-ad1 



□ ANALOG 
DEVICES 



)ulse 



POE devices cater 

to higher-powered applications 



Mi 



I anufacturers of PDs 
(powered devices) 
I that rely on the IEEE 
802.3af POE (power-over- 
Ethernet) standard rather than 
ac wall power can shrink board 
space and the BOM (bill-of- 
materials) costs. They achieve 
this reduction by using a PD- 
interface-control IC to handle 
PWM (pulse-width-modula- 
tion) control for the PD's exter- 
nal-power-supply magnetics 
and switching devices, as well 
as network-interface chores. 
(For more on the emerging 
higher-powered POE standard 
and its nonstandard versions, 
see "Power-over-Ethernet 
chips: to the spec and beyond," 
this issue, pg 25, www.edn. 
com/081 01 6df.) 

Both the current IEEE 
802.3af standard, which sets 
the load to the PD at 1 2.95W, 
and the draft 802.3at version, 
which sets the load power at 
25W, require PDs and PSE 
(power-sourcing equipment) 
to perform network detec- 
tion, classification, and UVLO 
(undervoltage lockout). Using 
these functions, the PSE and 
PD cooperate to determine the 
PD's power requirement and 
ensure that the PSE applies 
power only to POE-enabled 
equipment. The system con- 
troller at the central loca- 
tion can determine the over- 
all power budget and, if nec- 
essary, allocate power during 
power failure from its available 
UPS (uninterruptible-power- 
supply) budget. 

After a user plugs an 
Ethernet cable from a PSE into 
a PD, the PSE interrogates the 
PD to determine whether it is 
POE-enabled. This detection 
phase prevents the PSE from 
applying power to a non-PE 



device. The PSE applies a volt- 
age ramp to the PD and looks 
for a 25-kfl impedance. If the 
PSE sees an incorrect imped- 
ance, it knows that the device 
is not POE-capable, assumes 
a standard Ethernet connec- 
tion, and applies no power. If 
the PSE detects the signature 
impedance, the PSE moves on 
to the classification phase. The 
signature-identification ramp 
voltage is 2.5 to 10V. A 24.9- 
kfl resistor provides the cor- 
rect signature impedance for 
detection. 

As the PSE ramps the volt- 
age to the PD, the PD must 
draw a specified current to 
identify the device class when 
the ramp is 15 to 20V. The 
amount of current the PD 
draws indicates its classifica- 
tion, which communicates the 
amount of power the PD will 
require during normal opera- 
tion. The PSE sends this power 
information to the Ethernet- 
system controller, and the con- 
troller uses the information to 
determine its power budget. 
After the classification phase, 



SThe PSE 
and PD 
cooperate to 
determine the 
PD's power re- 
quirement and 
ensure that 
the PSE applies 
power only to 
POE-enabled 
equipment. 

the PSE continues to ramp up 
the input voltage to the operat- 
ing voltage of 30V, after which 
the PSE releases the UVLO 
pin, and the PD powers up. 

All PD-interface-control ICs 
provide these network-inter- 
face functions. However, the 
ICs vary in the amount of power 
they can make available to the 
PD. In anticipation of the higher- 
power IEEE 802.3at POE ver- 
sion, On Semiconductor and 
Texas Instruments have intro- 
duced two POE-PD -interface 
controllers. 




On Semiconductor's NCP1080 and NCP1081 PD controllers 
are both compatible with the 13W IEEE 802.3af. In addition, the 
1081 is compatible with the 25W IEEE 802.3at, and it enables 
nonstandard devices with as much as 40W. 



On Semi's newest POE-fam- 
ily members, the NCP1080 
and the NCP1081 PD con- 
trollers, are both compatible 
with the 13W 802.3af stan- 
dard, and the 1081 is com- 
patible with the 25W 802.3at 
version. In addition, for designs 
requiring a proprietary higher- 
power scheme, the 1081 sup- 
ports nonstandard extended, 
regulated power as high as 
40W to the application load 
in a two-wire-pair power-sup- 
ply configuration. This higher- 
power capability allows equip- 
ment manufacturers to offer 
higher-powered devices that 
comply with the POE stan- 
dard in all respects except 
for power, making a straight- 
forward route for designers 
to implement proprietary ver- 
sions of POE. 

The chips also feature 3-kV 
cable-ESD (electrostatic-dis- 
charge) protection, an impor- 
tant feature for applications 
that rely on extended Ethernet 
cabling outside a building. This 
scenario is typical of many sur- 
veillance-camera installations, 
for example. 

The two devices are pin- 
compatible, allowing design- 
ers to start with the lower- 
power version and swap in the 
higher-power version as power 
needs increase. The NCP1 080 
and the NCP1081 are avail- 
able in 4.4x6.5-mm TSSOP- 
EP20 packages and sell for 
$1.45 and $1.80 (1000), 
respectively. 

Tl's new, $1.65 (1000) 
TPS23754 PD-interface-con- 
troller IC, available in a 14-pin 
TSSOP, is IEEE 802.3at-d raft- 
compatible and includes an 
efficient active-clamp-rectifi- 
cation circuit. 

—by Margery Conner 

On Semiconductor, 
www.onsemi.com. 

Texas Instruments, 
www.ti.com. 
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Samsung Electro-Mechanics, a trusted partner, provides essential high tech products, 
and will continue to create environmentally-friendly technology for people worldwide. 
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HORIZONTAL RACETRACK 

"Racetrack" memory encodes data using oppositely magnetized 
regions in either horizontal or vertical arrays of nanowires. 

IBM, ITRI explore solid-state 
"racetrack memory" 



IBM Corp has started joint- 
development work with ITRI 
(Industrial Technology Re- 
search Institute) to explore 
the "racetrack-memory" ap- 
proach to solid-state memory. 
IBM Fellow Stuart Parkin, PhD, 
conceived the idea at IBM's 
Almaden Research Center in 
San Jose, CA. 

Developers of racetrack 
memory named it because 
data race around a nanowire 
"track." It promises a high-ca- 
pacity, nonvolatile-storage de- 
vice with high performance, 
high durability, and low ener- 
gy consumption. The technol- 
ogy stores data in the form of 
"domain walls"— boundaries 
between regions of opposite 
magnetic polarity in the mag- 
netic nanowires. 

Each racetrack stores many 
domain walls, allowing high 



data density and low cost- 
as low as flash memory us- 
ing horizontal racetracks and 
potentially as low as mag- 
netic disk drives using verti- 
cal racetracks, according to 
IBM. 

IBM has demonstrated 
that short pulses of spin-po- 
larized current can controlla- 
bly move several domain walls 



back and forth along a race- 
track, the key underlying prin- 
ciple of this memory. IBM and 
ITRI believe that this tech- 
nology could allow a hand- 
held device, such as an MP3 
player, to store approximately 
500,000 songs or approxi- 



mately 3500 movies-100 
times more than is possible 
today— with far lower cost and 
power consumption— ASM 

IBM, www.ibm.com. 

Industrial Technology 
Research Institute, www. 
itri.org.tw. 



Tiny lens harnesses 
oscillating 
water droplets 

From cell phones to military 
drones, many applications 
demand small, light optical 
lenses but can't spare much 
power for focusing them. 
Researchers at Rensselaer 
Polytechnic Institute claim to 
have developed an innovative 
liquid lens that fits the bill. 

The lens features a pair of 
water droplets that oscillate 
when you expose them 
to high-frequency sound 
from a small speaker. The 
oscillations effectively move 
the lens into and out of 
focus, with respect to the 
scene being photographed, 
hundreds of times per 
second. By capturing 250 
frames/sec and using 
image-processing software 
to discard out-of-focus 
frames, the system produces 
a stream of in-focus images. 

Although other miniature- 
lens technologies have 
exploited water as a material, 
they have relied on time- and 




High-frequency sound forces 
water droplets in a new lens 
to oscillate in this series of 
time-lapse photos. 

power-consuming physical 
manipulation of the shape 
of the lens to change focus 
(see "Licensing agreement 
advances tiny zoom lenses," 
EDN, Aug 1 6, 2007, www.edn. 
com/article/CA6466224). 
By eliminating the need for 
high voltage or an exotic 
activation mechanism, the 
new technology promises to 
outpace those competing 
technologies in power, weight, 
and speed, according to the 
researchers— MM 

Rensselaer Polytechnic 
Institute, www.rpi.edu. 



SLIMMER LIGHT GUIDE HERALDS ULTRATHIN 
Philips Research recently displayed a prototype of a 32-in. 
LCD television that measures only 8 mm thick-about 20% 
as thick as the slimmest commercially available panels. The 
key to the skinny design is a 1-mm-thick light-guide plate 
that uses patented technologies to uniformly distribute light 
from high-power, energy-efficient LED backlights. Light 
plates today measure approximately 25 mm deep and ac- 
count for most of an LCD panel's overall thickness. The tech- 
nology also reduces weight by as much as 10 kg (22 lbs) for 
a 32-in. television, according to the company, which has not 
disclosed a time line for commercial introduction.-MM 
Philips Research, www.research.philips.com. 



LCD PANELS 




A prototype LCD televi- 
sion measures just 8 mm 
thick, thanks to a 1 -mm- 
thick light-guide plate. 
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Rarely Asked Questions 




Single Supply Amplifiers — They Sound Simple. ..are they? 



Q. Running rail-to-rail op amps 
on a single supply sounds like a 
winning combination, but what 
drawbacks will I encounter when 
using amplifiers like this? 

A. Single-supply and rail-to-rail outputs 
are a great combination, but there are 
a few parameters that warrant a sec- 
ond look. Your question doesn't specify 
whether you are talking about single-sup- 
ply amplifiers (a particular class of ampli- 
fiers) or running a traditional op amp on 
single supply; we'll discuss both cases. 

By definition, a true "single-supply" op 
amp operates on one supply, and the 
input common-mode voltage range of 
the amplifier includes the negative sup- 
ply rail. Note that even though the input 
of the amplifier may be able to go to the 
negative rail and beyond it doesn't mean 
the output can. I'll say more about that 
when we talk about rail-to-rail outputs. 

Any amplifier can be run on a single 
supply. Op amps don't have a ground 
pin and are equally happy when run 
on a bipolar supply as they are with a 
single supply. Additional bias circuitry is 
required when running an amplifier in this 
configuration, however. As a result, the 
amplifier's performance may suffer slightly 
in the following areas: lower bandwidth, 
degraded power supply rejection (PSR), 
and higher noise. 

The term rail-to-rail output is a misnomer. 
While the amplifier output can get close 
to the supply rails, it never quite gets 
there. In bipolar amplifiers, the rail-to- 
rail output stage is typically a common 
emitter; therefore the closest the output 
can get to the rails is a saturated transis- 
tor drop Vcesat. The value of Vcesat is 



dependant on the amount of load current 
delivered by the amplifier. For low cur- 
rents, the output can come to within tens 
of millivolts to the rail. For higher cur- 
rents Vcesat can approach 0.5 V or more. 
Some new amplifiers now feature on-chip 
charge pumps to make up the Vcesat 
drop, allowing the output to truly swing 
all the way to the rail. 

An amplifier output swinging close to 
the supply rail may appear fine when 
measured on an oscilloscope, but a 
network analyzer may reveal a different 
result. As the output swings closer to 
the rails, the output transistors no longer 
operate in the linear region. As a result, 
distortion is introduced. Distortion can 
occur several hundreds of millivolts away 
from the rails. Therefore when possible, 
try design in a little extra headroom 
from the rails; this will help improve the 
amplifier distortion performance. 

We've only skimmed the surface on these 
topics. For in-depth application and 
product information, visit our website or 
click on the link below. 



To Learn More About 
Single Supply Amplifiers 

Go to: http://rbi.ims.ca/5726-101 
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BY HOWARD JOHNSON, PhD 



The shot heard 'round the world 

Professor Wallace Clement Sabine removed a cheap, nickel- 
plated pistol from his waistcoat, raised the weapon above his 
head, and pulled the trigger. An earsplitting crack washed 
over the auditorium, penetrating every crevice. The sound 
reverberated wildly for eight full seconds, passing back and 
forth across the room some 50 times or more. As the echo 
slowly died out, the professor turned to face his audience. Wiggling a finger 

finger in one ear, he began to lecture, 
"There we have the impulse response 
of a Gothic cathedral." 

The year was 1898, and Sabine was 
just developing his theory of acous- 
tics — a theory that has since influ- 
enced the design of every great sym- 
phonic-performance hall. Sabine as- 
serted that the most significant pa- 
rameter is the reverberation time. He 
further stated that, with only two con- 
stants, you can predict in advance of 
construction the expected reverbera- 
tion time. 

The two constants you need are, 
first, the average fraction of acoustic 
power reflected at the boundaries of 
the room. Next, you must know the 
mean time required for acoustic waves 
to transit the structure. 

For example, if the average attenu- 
ation coefficient for waves bouncing 
off the walls, ceiling, and floor is 2 dB, 
then it probably takes on average about 
30 bounces for the sound to die down 
to a level 60 dB below the source. If 
the mean time between bounces (the 
mean transit time) is T, then the 
60-dB reverberation time, RT 60 , equals 
30T. In general, given a reflection 
coefficient, r, expressed in decibels, 
the 60-dB reverberation time equals 
(60/r)T. The remainder of Sabine's 



The most signifi- 
cant parameter 
(in performance- 
hall design) is the 
reverberation time. 

theory refines that basic idea with a 
little algebra. 

Let's apply Sabine's theory to a digi- 
tal problem. Assume a simple, unilin- 
ear transmission path. Sabine would 
define the time required for reverber- 
ant signals to damp down to a lev- 
el x dB below the source signal level 
as RT x =(x/r)T, where T is the round- 
trip delay, x is the required level of 
damping in units of decibels, and r is 
the round- trip attenuation coefficient 
in decibels. Coefficient r includes the 
sum of attenuation coefficients at ei- 
ther end of the transmission line plus 
the round- trip attenuation of the 
transmission line itself. In a highly 
reverberant system, the formula RT x 
predicts how long you must wait after 
each data edge before the line settles 
to an acceptable degree. 

In a hairball network with many in- 
terconnected nodes, the same theo- 
ry applies but with a slightly different 
interpretation. Coefficient r represents 



the average attenuation at each dis- 
continuity, and T becomes the average 
transit time between discontinuities. 

Regardless of the topology, the ex- 
pression for RT x , because it contains 
three terms, supplies three basic ideas 
for improving signal quality: 

• Reduce x. Single-ended logic with 
widely spaced V IH /V IL (high- input- 
voltage/low- input- voltage) thresholds 
typically requires damping of at least 
x>20 dB. Differential logic, because it 
has tighter input-threshold specifica- 
tions and thus larger percentage-volt- 
age margins, can work with less damp- 
ing. By analogy to the acoustic world, 
it is easy to design a building for listen- 
ers who do not require perfect acous- 
tics, such as rock 'n' roll fans who don't 
mind massive reverberation. 

• Increase r. Intentional termina- 
tions at one or both ends of a trans- 
mission line dramatically increase the 
round-trip attenuation. Sabine would 
advocate draping a large room with 
heavy curtains and using well-padded 
seats to damp reflections. Nowadays, 
large buildings incorporate acoustic 
ceiling tiles and thick carpet. 

• Decrease T. Shrink the line length 
or change the dielectric constant. Low- 
ering the dielectric constant slight- 
ly speeds signal propagation, decreas- 
ing T. Both ideas help. Acoustically, 
Sabine's equation teaches that large 
rooms are more difficult to control 
and that a large room constructed at 
the top of Mount Everest would be the 
most difficult of all due to the low tem- 
peratures and thus relatively low speed 
of acoustic propagation. 

Come to think of it, if I decide to 
build a symphony hall at the top of 
Mount Everest, just shoot me.EDN 

Howard Johnson, PhD, of Signal Con- 
sulting, frequently conducts technical 
workshops for digital engineers at Oxford 
University and other sites worldwide. 
Visit his Web site at www.sigcon.com or 
e-mail him at howie03@sigcon.com. 
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Total Output To System 
550-1 250mA 




l 2 C Programmable 



Features 

• Automatic Input Source/Current Detection* 
USB2.0 Compatible 

Auto-detects AC/DC Adapter Current Limit 

• TurboCharge™*for30%-50% Faster Charging 

• USB On-the-Go (OTG) Power up to 500mA 

• l 2 C Programmable + GUI Interface 

• +3.5V to +6.2V Input (+18V Protection) 

• Built-in Safety (IEEE1725 compliant) 

• Redundant OV/OC protection 

• 2mm x 2.3mm CSP 

Applications 

• Mobile/Smart Phones 

• Digital Cameras/Camcorders 

• Portable Media Players/Games 

• Handheld GPS/PND Terminals 



80% Less Dissipation 30%-50% Faster Charging 65% Smaller Solution 
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Battery Charging Solutions for Every Application 





SMB339 


SMB137 


S MB 135/235 


SMB239 


SMB139 


Topology 


Switch-mode 


Switch-mode 


Switch-mode 


Linear-mode 


Linear-mode 


Input Voltage Range (V)* 


4.35 to 6.2 (18) 


4.35 to 5.5(16) 


4.35 to 6.5(10) 


4.35 to 6.5 (10) 


4.35 to 6.5 (10) 


# of Inputs/Outputs 


1/1 


2/2 


1/1 


1/1 


1/1 


Maximum Charge Current (mA) 


1250 


1500 


900 


525 


210 


TurboCharge™ Output 


Automatic 


Automatic 


Software/uC 


N/A 


N/A 


CurrentPath™ Control 




X 








USB On-The-Go Power 


X 


X 








Low-Battery Recovery Mode 




X 








I2C Interface 


X 


X 


X 


X 


X 


Programmable Float Voltage 


X 


X 


X 


X 


X 


Programmable Charge/Term. Current 


X 


X 


X 


X 


X 


Programmable Input Current Limit 


X 


X 








Input/Battery OV/UV 


X 


X 


X 


X 


X 


Hardware Safety Timer 


X 


X 


X 


X 


X 


Software Watchdog Timer 


X 


X 








Battery Thermal Protection 


X 


X 


X 


X 


X 


Automatic Input Current Limit 


X 










Automatic Power Source Detection ** 


X 










IC Thermal Protection 


X 


X 


X 


X 


X 


Package 


CSP-20 


CSP-30 


CSP-15 
5x5 QFN-32 


CSP-8 


CSP-15 


* () Indicates overxoltage "holdoff" tolerance 
** Per USB Battery Charging Specification 1.0 



For more information see: 
www.summitmicro. com/SMB339 



Featuring MobileGreen™ Technologies 
www.summitmicro. com/MobileGreen 

*Patent pending 
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POWER OVER ETHERNET ALLOWS A BASIC CATEGORY 
5 OR 6 CABLE TO CARRY BOTH DATA AND POWER, 
ENABLING SIMPLE AND INEXPENSIVE INSTALLATIONS 
OF EQUIPMENT SUCH AS VOIP PHONES, CAMERAS, 
AND WIRELESS-ACCESS POINTS. 



BY MARGERY CONNER • TECHNICAL EDITOR 




POWER-OVER-ETHERNET CHIPS: 



TO THE SPEC 
AND BEYOND 



The benefits to end users of the IEEE 802.3 af/t POE 
(power-over-Ethernet) standard are clear: With- 
out relying on an electrician, anyone who can 
string a Category 5 or 6 cable can inexpensively 
install both power and data ports for networked 
applications in locations with no ac-power plug. 
Users can simply add a POE power supply at a 
typical price of $39.95 in a network-equipment 
closet and connect it with Category 5 twisted- 
pair cable. Contrast this scenario with the cost for a new power 
plug — as much as $2000, including labor and parts costs — along 
with the time you waste in scheduling an electrician's time. 



A POE network has two main com- 
ponents: PSE (power-sourcing equip- 
ment), such as the network switch or 
central router, and PDs (powered devic- 
es), such as a VOIP (voice-over- Inter- 
net Protocol) phone or a wireless-access 



point, which connect to the network 
that delivers both power and data. Net- 
works with a non-POE switch can still 
take advantage of POE by adding a mid- 
span power supply, which injects power 
into the network independently of the 



switch or router, such as the enabling 
power supply in a network- equipment 
closet- Backing up the PSE with a UPS 
(uninterruptible power supply) ensures 
that your networked equipment, includ- 
ing VOIP phones, will continue to op- 
erate even if your office experiences a 
power failure. 

VOIP phones and wireless-access 
points consume relatively little power. 
With these types of applications in mind, 
framers of the current POE IEEE stan- 
dard, IEEE 802. 3 af, set the power limits 
for PDs at 12.95W. However, 13W is in- 
sufficient power for many types of equip- 
ment, such as multiport wireless-access 
points and PZT (pan-zoom-tilt) video- 
cameras in building security and sur- 
veillance. The standards committee be- 
gan work on a second version, 802. 3 at, 
or POE Plus. This version, currently in 
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draft form, increases the maximum pow- 
er the PD can draw to 25W. Semicon- 
ductor vendors have introduced a bevy 
of POE ICs based on the draft version, 
aimed at enabling higher-power POE 
PDs (Figure 1). (Also see "POE de- 
vices cater to higher-powered applica- 
tions," this issue, pg 18.) However, 25 W 
is still not enough for some applications, 
which can require power well in excess 
of30W. 

The IEEE 802 3 at standards commit- 
tee started with a limit of 30 W before 
lowering it to 25W because of test da- 
ta that showed that Category 5 or 6 ca- 
ble temperature increased significantly 
when installers buried it in a larger bun- 
dle of cables and it was carrying as much 
as 750 mA of current- The committee's 
concern was not about safety, because 
the possibility of fire in this case isn't 
even remote, but rather that the signal 
quality of the Category 5 and 6 cables 
begins to degrade when cable tempera- 
ture exceeds 60°C. 

However, the cables for applications 
that require higher power are often not 
in a large bundles- For example, PZT 
security cameras, with features such 




AT A GLANCE 

□ POE (power-over- Ethernet) 
devices can reduce costs by 
combining data and power in a 
Category 5 or 6 cable, requiring no 
expensive power installation. 



□ The current POE standard, IEEE 
802.3af, limits the power a device 
can draw to 1 2.95W, with a draft 
version, 802.3at, upping the limit to 
25W. 



El Try to keep application-power 
needs at less than 25W, but you 
can go nonstandard for applications 
with higher-power needs. 



□ Once the network goes out- 
doors, pay extra attention to surge 
protection. 



as cold-weather heaters, IR (infrared) 
lamps, and steerable microphones, are 
often outdoors and have dedicated ca- 
bling. Designers of systems for these 
applications may consider using a non- 
standard version of POE, in which they 
follow all 802 3 at parameters except for 
maximum PD power draw. With an eye 
toward these nonstandard applications, 
all of the POE- interface ICs for the POE 



Plus version can support more than 
25W of power. 

Deviating from an industry standard 
can be a daunting move, but if your PD 
requires more than 25W, you may have 
no choice. You can take steps, how- 
ever, to lower the risks associated with 
nonconformity. First, ensure that your 
device's design really requires more 
than 25W. PDs of the past share a trait 
common to almost all electronics that 
emerged before the current surge in en- 
ergy prices: inefficiency in their use of 
energy. Power supplies of five to 10 years 
ago were often only 80% or less efficient. 
You should now be able to buy or design 
a power supply with more than 90% effi- 
ciency, which may be enough additional 
power that your design won't need more 
than the standard's 25W limit. 

If your PD has an efficient power sup- 
ply and still requires more than 25W, 
however, you may next want to consider 
the network cabling. Will your applica- 
tion have to work with minimum stan- 
dard cabling? If so, you must allow for 
fairly high losses in the cabling system. 
If, on the other hand, you can speci- 
fy the cable for your equipment, you 




Figure 1 POE-PD-interface chips handle the IEEE 802.3 interface chores, including detection, classification, and undervoltage lock- 
out, and they provide dc/dc control for the PD's voltage converter. 
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Power That Gives You The Best Of 
Both Technology Worlds 



Switcher Efficiency Combined With LDO Noise And Transient Performance 
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The M IC38300 is a 3A step down converter and the first 
device in a new generation of HELDO™ products providing the 
benefits of LDOs with respect to ease of use, fast transient 
performance, high PSRR and low noise while offering the 
efficiency of a switching regulator. 

As output voltages move lower, the output noise and transient 
response of a switching regulator become an increasing challenge 
for designers. By combining a switcher whose output is slaved to 
the input of a high performance LDO, high efficiency is achieved 
with a clean low-noise output. 

For more information, contact your local Micrel sales representa- 
tive or visit us at: www.micrel.com/ad/mic38300. 
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The Good Stuff: 

♦ 2.2A Continuous operating current 

♦ Input voltage range: 3.0V to 5.5V 

♦ Adjustable output voltage down to 1.0V 

♦ Output noise less than 5mV 

♦ Ultra fast transient performance 

♦ Unique Switcher plus LDO architecture 

♦ Fully integrated MOSFET switches 

♦ Micro-power shutdown 

♦ Easy upgrade from LDO as power dissipation becomes an issue 

♦ Thermal shutdown and current limit protection 

♦ 4mm x 6mm x 0.9mm MLF ® package 
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Figure 2 Legacy Ethernet systems can include POE capability with the addition of a 
midspan power supply that injects a POE voltage into the network. The single-port 
POE 60U-560G from Phihong provides 60W and costs $62 (one). 



can go from Category 5 to Category 6, 
which generally has a higher wire diam- 
eter and correspondingly less resistance 
and wasted power. 

"Over time, the cable will degrade 
as it carries more power because Ether- 
net cables are not really power-delivery 
cables," says Mike McCormick, manag- 
er of Texas Instruments' POE-products 
group. "They're not solid-core cables; 
their primary use is for signal transmis- 
sion. So, when we use them for power, 
they're not the best conductor. You have 
to be aware of what type of cabling your 
customer will use — certainly if you're 
going to something that's beyond the 
standard. If your device is nonstandard, 
it may not make sense to stay with stan- 
dard cabling." 

Make sure you get buy- in from your 
marketing department, which is often 
the entity that sets parameters such as 
going with a nonstandard and therefore 
more expensive cable. "I've met with 
customers who were designing outside 
installations of cable, and their mar- 
keting department says, 'No, we have 
to work with the most generic cable 
standards,'" says McCormick. However, 
there is no large installed base of out- 
door data-communications customer- 
premises wiring. Limiting your product 
to "standard" cabling that's for a differ- 
ent environment may not make sense. 

Another option and one that the POE 
standard allows is to use four pairs rath- 
er than just two pairs. Keith Hop wood, 



vice president of marketing for Phihong 
Power, maker of midspan-power supplies 
(Figure 2), says that, although he has 
heard anecdotally of a few European in- 
stallations that used two-pair cable, he 
has never encountered any installation 
that didn't use four-pair cabling. Using 
four pairs increases the amount of power 
available at the PD and minimizes the 
heat in the cable. At some point, if ca- 
bling and installation costs become sig- 
nificant, you need to evaluate whether 
bringing in an ac plug might be the best 
approach. 

The issue of resistive-cable losses can 
also be a surprise with nonstandard in- 
stallations because the standard's guar- 
antee of available power at the PD no 
longer shelters your design. The stan- 
dard guarantees 13 W to every PD, and it 



EE For more on POE's move beyond 
videocameras and VOIP phones for 
the factory floor, go to www.edn.com/ 
blog/1 4700001 47/post/21 0031 021 . 
html. 

EE For an article on POE controllers' 
gearing up for a new physical layer, visit 
www.edn.com/article/CA6543804. 

EE Gotowww.edn.com/081016df 
and click on Feedback Loop to post 
a comment on this article. 

EE For more technical articles, go to 
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The power of the industry's broadest product portfolio. 
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and discrete components. 
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For applications that require the most power and 
the most security in the smallest footprint, ERNI 
has introduced the MaxiBridge. Designed to 
meet the highest levels of mechanical and ther- 
mal demand, MaxiBridge is ideally suited for use 
in LED applications, automotive, automation and 
other appliances. 




SMT Assembly, Double Locking, Keyed & 
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Designed for high speed SMT assembly, 
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locking features. To prevent accidental unmating, 
two external housing locks must be pressed 
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lation. The MaxiBridge connector is currently 
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Stop accepting compromises and start expect- 
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also limits the cable run to 100m. Once 
you go nonstandard, you must calculate 
the power and voltage drop the cable hv 
curs and determine the power that will 
be available at the PD. 

If you're designing PSE capability hv 
to a switch for compliant or noncompli- 
ant systems, you must ensure that the 
switch actually uses the power it allo- 
cates for PDs. Harmik Singh, business- 
development manager for Maxim's POE 
products, emphasizes the importance 
of power budgeting for PSEs. "Power is 
scarce, and you don't want to allocate 
more than the PD is actually consum- 
ing," he says- If a PD identifies itself as 
a POE Plus type of device that will re- 
quire 25 W or more but consumes only 
10W, the PSE should be able to deter- 
mine that situation so that it doesn't al- 
locate the unused power. For example, 
Maxim's MAX5952 PSE-controller IC 
measures the actual current that the PD 
is consuming, digitizing and reporting in 
real time the PD's power consumption 
so that the system controller can allo- 
cate the actual power usage. 

With all of the concerns that can arise 
with noncompliant POE installations, 
it's worth asking: Why not have a flavor 
of the specification that accommodates 
higher-power devices? TPs McCormick 
provides an answer: "In the networking 
world, it has held true that every option 
eventually becomes a requirement," he 
says. A 96-port switch that must supply 
50W/port is a more complex and expen- 
sive design than one that must provide 
25W/port, especially because the num- 
ber of high-power PDs on the market, 
although significant, will probably not 
dominate the market. For example, an 
eight-port router, with each port provid- 
ing 50W, would burden the router with 
400W, which most applications would 
not use. 

Even as POE makes Ethernet increas- 
ingly attractive within offices and fac- 
tories, its power-and-data combination 
also makes it attractive in exterior ap- 
plications, such as security cameras and 
sensor networks. However, once elec- 
tronic communication systems go out- 
doors, their susceptibility to power surges 
increases dramatically. Lightning strikes 
are the most likely cause of a catastroph- 
ic surge, but other random events can 
also send a debilitating surge through 
the network. The Ethernet cable serves 
as an antenna, picking up virtually any 
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surge, discharge, or transient. 

PD- interface-controller ICs come 
with a variety of protection schemes. 
TPs family comes with minimal inter- 
nal protection, assuming that designers 
will want to tailor their designs to the 
end applications. "When it comes to 
voltage suppressors and diodes, we be- 
lieve you're better off going to a [protec- 
tion-device vendor]," says McCormick. 
You can get a higher voltage rating, he 
notes, and the devices can handle much 
more power than a mixed-signal device. 

Other IC vendors offer integrated 
surge protection. For example, On Semi- 
conductor's NCP108X POE-PD-inter- 
face controller provides 3-kV cable-ESD 
(electrostatic-discharge) protection be- 
cause the company fabricates the device 
on an automotive-qualified, high-volt- 
age process. Akros Silicon's AS1135 PD 
controller offers over 16.5-kV air dis- 
charge, 8-kV contact discharge, and 6- 
kV surge on-chip protection, with a low 
impedance path to ground. EDN 
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Power management complicates 
L life for verification engineers 



VINGTECHNIQI 
VAST DIFFICULTIES IN THE VERIFICATION PROCESS. 



here is intense pressure on all levels of chip engi- 
neering to reduce power consumption. That sit- 
uation, in turn, has led to increasingly dramat- 
and invasive — measures to reduce power in 
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T 

individual blocks and circuits* 

These efforts have been extremely successful, 
but they have come at a cost in design complex- 
ity — often the topic of conferences. At least as 
serious, and much less discussed, there has been 
a serious impact on the verification process. At best, aggressive 
power management complicates functional verification. At worst, 
it can render a design unverifiable. EDN has spoken with design 
teams in the United States, Europe, and Asia to understand the 
scope of the problem in logic design and to see how the best de- 
signers are coping with the new verification challenge. 



The most used logiolevel power- 
management techniques fall nicely in- 
to a few categories, based on the obvi- 
ous ways to reduce static and dynamic 
power. For static-power reduction, the 
only simple things you can do are to 
use high-threshold-voltage transistors 
as much as possible, reduce the voltage 
on the supply pins, or turn the supply 
off altogether. The techniques for ac- 
complishing these tasks include multi- 
threshold design, multivoltage design, 
and power gating. 

For reducing dynamic power, your 
options are to reduce the supply volt- 
age or reduce the frequency. Tech- 
niques for this process include clock 
gating and DVFS (dynamic- voltage- 



frequency scaling). The sidebar "The 
one-minute power manager: a primer" 
contains a brief description of each of 
these techniques. This article will ex- 
amine the impact of each of these ideas 
on verification. 

CLOCK GATING 

At a coarse level, clock gating can be 
one of the simplest techniques for re- 
ducing dynamic power. Hence, it sees 
frequent use in cases in which the main 
problem is to limit peak dynamic power. 
"We use mainly clock gating today ... 
to limit package cost," says Laurent Du- 
cousso, STMicroelectronics' IP (intel- 
lectual-property) -verification and sys- 
tem-modeling manager. 



Ducousso says that his company's de- 
sign teams define clock domains early, 
basing them on IP or subsystem bound- 
aries. That approach allows the team 
to determine when a domain may be 
clock-gated based on a high-level view 
of the operating modes and to check 
the sequencing of clock gating as an 
added task in functional verification. 
The physical-design team inserts the 
gating circuitry during the back-end 
flow. In simple cases, clock gating does 
not impact the state within the block, 
so there is no need to verify state reten- 
tion. But this case does not hold true 
for every block. "We are just getting 
into situations where we have to worry 
about state retention," Ducousso says. 



"We are looking at our test benches to 
see what we can do with verifying these 
situations. Assertions may turn out to 
be quite useful." 

Functional verification of clock gat- 
ing is just added work, not a new con- 
cept, according to Michael Floyd, 
IBM's chief architect for energy man- 
agement in its Power Systems Group. 
"Basically, clock gating adds to the 
state space," Floyd says. "It needs to be 
timed and verified and tested in man- 
ufacturing like any other function." 
For improved test coverage, design- 
ers sometimes put in modes to disable 
clock gating. "But some designs use 
the clock gate as a hold tap on latch- 
es," Floyd comments, "so it becomes a 
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part of the functional design, and we 
have to verify and test that function 
with clock gating turned on." 

As clock gating gets more complex, 
the verification team's attention seems to 
shift from functional correctness to tim- 
ing and signal- integrity issues- "We rely 
on design guidelines to get clock-gating 
structures functionally correct during 
the front-end-design process," explains 
Krish Krishnamoorthy, director of ad- 
vanced methodology in the System LSI 
group at Toshiba- "Then, we check dur- 
ing physical verification to make sure ev- 
erything came out right." These checks 
might include careful timing because, for 
instance, a late-arriving gate signal could 
gate a clock off during its active phase, 
with disastrous results downstream. 

The complexity of this process var- 
ies. "For simple datapaths, there's hardly 
any impact on the verification process," 
says IBM fellow Brad McCredie. "But, if 
designers start using fine-grained clock 
gating in control logic, that's a major 
whammo to the verification process." 

POWER GATING 

Early in the pursuit of power manage- 
ment, design teams began to use volt- 
age islands — separating blocks that did 
not have to run at the maximum clock 
speed and supplying them with reduced 
voltage. This practice imposed two new 
tasks on verification. First, it required 
that the verification team make sure 
that correct level shifters were in place 
on all of the signals passing between 
voltage islands, including clocks. Sec- 
ond, it required that cell libraries had 
timing files for each of the voltages at 



AT A GLANCE 

□ Increasingly aggressive power 
management can mean trouble 
for verification. 



El Each power-management tech- 
nique creates its own verification 
issues. 



□ EDA tools today do not auto- 
mate the verification process. 



□ A systems approach is neces- 
sary in both creating and verifying 
power-management structures. 



which a design might use the cells and 
that the timing team used the right de- 
lays for the voltage at which a voltage 
island was operating. There are other 
issues, as well, when signals from one 
voltage domain cross another domain. 

Once designers had declared and iso- 
lated voltage islands, it was a natural 
step to simply turn off the power to a 
voltage island when it was not in use. 
But this idea — power gating — creates 
a whole new set of issues for the verifi- 
cation team. Obviously, blocks that re- 
main on must function correctly when 
power-gated blocks are off. Less obvious- 
ly, turning the power off and on requires 
a delicate dance involving isolating the 
inputs and outputs, saving the internal 
state of the block, shutting off power, 
restoring power, restoring state, and re- 
connecting the block to the rest of the 
design (Figure 1). 

"We verify power-gated designs in 
four stages," explains Freescale Semi- 
conductor's senior director of engineer- 
ing, Prashant Bhargava. "We examine 




the shut-off sequences. Then, we verify 
the design with the blocks in the power- 
off state, mainly to make sure they are 
properly isolated and have retained state 
correctly. Next, we verify the power-up 
sequences. And, finally, we verify the 
blocks in their power-on state." 

Freescale, like many other companies, 
relies on Cadence CPF (Common Pow- 
er Format) files to capture the intent of 
the power management. "In the CPF 
file, we identify the gating signals, what 
blocks are gated, the power controller, 
the interfaces between switched and un- 
switched blocks, the commands to iso- 
late blocks, and the location of level 
shifters," Bhargava says. The CPF file 
becomes the central definition of design 
intent for power management and can 
drive some other tools — primarily, Ca- 
dence tools — downstream to direct such 
tasks as simulation and synthesis. 

The CPF file may hold promise for 
centralizing the power design, but it also 
has its own significant issues. For exam- 
ple, there is no method for automatically 
checking the CPF file. "We can identify 
errors in the CPF only during the verifi- 
cation process," Bhargava explains. 

Sam Leung, director of digital design at 
Staccato Communications, seconds this 
point. "Verifying that what you got out 
of synthesis is what you asked for is still a 
very manual, visual process," he says. In 
power gating in particular, the verifica- 
tion team has to manually check that the 
correct structures actually exist in the de- 
sign. "There are so many inputs and out- 
puts and so much manual table entry in- 
volved that errors happen," Leung says. 
"You have to check the files." 
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Figure 1 Power gating requires an orderly sequence of states 
to take a block into and out of power-down mode. 



Figure 2 Power gating can generate unknown states in the 
functional simulation of a block. 
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After verifying the CPF or UPF (Uni- 
fied Power Format) files, there is the 
matter of verifying the design. "There is 
no tool to grab data out of the CPF file 
and generate a test bench for the power 
management," Leung laments- "We have 
to create a set of test vectors just to verify 
the operation of the power-management 
functions and the power controller. To- 
day, we can perform these checks only at 
the functional level, not the gate level. 
The reason for this [situation] is that the 
big challenges come in checking signals 
that cross power domains," Leung ex- 
plains. "You need to know if something 
is leaking somewhere. You can't verify 
these signals in isolation; you have to 
work with the full-system models." 

Nilesh Ranpura, a design manager at 
elnfochips, also relies on CPF to orga- 
nize the verification effort. "When you 
start verification, you have to understand 
which blocks are at which voltages," 
Ranpura says. In other words, he adds, 
"you have to identify the sequences of the 
power-control state machine and what 
the voltage combinations will be in each 
state. This [task] isn't automated, and the 
CPF data isn't accessible to all simulation 
tools, but, even so, we have found that 
having the CPF data has reduced our ver- 
ification time by about 40%." 

One of the problems Ranpura identi- 
fies is that, when you are turning power 
on and off in blocks, the signal states in 
the system are no longer limited to the 
simple 1, 0, X, Z, and so forth that most 
simulation tools offer. There are other 
possibilities. "If you use Boolean asser- 
tions, you sometimes have to suppress 
incorrect firings," Ranpura says. 

IBM's Floyd agrees about the need for 
states beyond 1, 0, X, and Z in simulation 
(Figure 2). "When we initially started 
using power gating, it caused some indi- 
gestion because it increased the number 
of situations in which you deal with an 
unknown state," he says. "But it turns 
out that conventional X-state analysis is 
too pessimistic; removing all the X states 
hurts the critical paths. So, we are ac- 
tively developing alternatives. In princi- 
ple, a formal tool can verify that a pow- 
er-gated domain could not corrupt data. 
That [ability] is exciting." 

GROWING COMPLEXITY 

Once the verification team is com- 
fortable that the sequencer is in fact fol- 



lowing the design intent, you must ver- 
ify not only that the signal is arriving, 
but also that it is arriving at the correct 
voltage and on time. "When you are 
switching blocks that are connected to 
each other, you have to verify that the 
level-shifter sequencing is correct," says 
Ranpura. "It must exactly match the de- 
sign intent, or you can generate huge 
numbers of errors with no easy way to 
trace them back to the problem." 

Other non-Boolean problems arise, as 
well. "Memory blocks are an interesting 
issue for power gating," says NXP's mi- 
crocontroller-design manager, Avindt 
Chopra. "You can power-gate them, but, 
if you do, you had better simulate the 
transitions very carefully — for instance, 
modeling the inrush current in the mem- 
ory block as you change voltage." 

Buses can be another important point 
to watch. "When you are gating an en- 
tire IP block," says ST's Ducousso, "if 
the block is connected to a system bus, 
you have to be certain that the bus in- 
terface stays electrically clean during 
the transitions." Ducousso makes anoth- 
er interesting point with regard to buses: 
Misfortune follows if you power down a 
block that has pending bus requests. In 
this case and probably in a good many 
others, the actual state that you must in- 
spect before powering down the system 
may not reside fully inside the block. 
Some of it may be in an adjoining block 
that handshakes with this one, or it may 
be halfway across the chip in a bus ar- 
biter. Another important case to check 
is the state of DRAM controllers during 
power sequencing. Corrupted memory 
from a spurious write cycle generated 
during a power transition can be nearly 
impossible to trace. 

When a design moves from power gat- 
ing to DVFS, things can get even more 
complex. "The complexity of a DVFS 
design completely explodes in verifica- 
tion," says NXP's Chopra. Now, every 
possible combination of voltages in the 
voltage islands in the system represents 
a new corner that you must examine. 

Fortunately, the steps are about the 
same. First, verify that the power se- 
quencer is doing what the designers in- 
tended. Now, this problem is more com- 
plex, however, because it involves the 
application software as well as the hard- 
ware. In DVFS, you may change the 
voltage on a block because the software 
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THE ONE-MINUTE POWER MANAGER: 
A PRIMER 



As energy-conservation require- 
ments have grown more stringent, 
many techniques have emerged for 
saving active and leakage power in 
logic circuits. It is not uncommon to 
find multiple techniques at use in 
different parts of a design. Here is a 
quick overview of these approaches. 

CLOCK GATING 

Clock gating is one of the earliest 
techniques for reducing dynamic 
power. It can increase static power 
because the clock-gating cells need 
to be fast, and designers often 
implement them with large, low- 
threshold transistors. This method 
simply shuts off the clock to por- 
tions of the circuit that are inactive. 

Originally, designers used clock 
gating at the block level as a way 
of creating a standby mode. More 
recently, designers have employed 
fine-grained clock gating, down 
to the level of individual latches. 
Control circuitry can simply decide 
not to issue a clock pulse on a cycle 
when the data in a latch does not 
change. "We see designers using 
clock gating as a 'hold' tap on 
latches," says Michael Floyd, IBM's 
chief architect for energy manage- 
ment in its power-systems group. 
Thus, fine-grained clock-gating 
schemes can become exceedingly 
complex. 

VOLTAGE ISLANDS 

If some blocks can be slower than 
others, it makes sense to run the 
slower blocks at a lower frequency 
and turn down the supply voltage 
until these blocks just meet tim- 
ing. This technique was also one of 
the early approaches-slightly more 
complex than coarse clock gating, 
especially in its impact on timing 
closure. 

POWER GATING 

Power gating involves turning off 
the supply voltage to a block to stop 
both static- and dynamic-power 



consumption. The technique is more 
complex than it sounds. You have to 
be sure that there will be no activ- 
ity needed from the block when the 
power is off. You also have to deal 
with state-including whether to pre- 
serve state while the power is off, 
where to save it, and how to restore 
it. It may also involve determining 
how to sequence the shutdown and 
power-up cycles and whether you 
can anticipate activity on the block 
early enough to perform the power- 
up sequence. You also must isolate 
the block from surrounding circuitry 
during power transitions. 

DVFS 

DVFS (dynamic-voltage-fre- 
quency scaling) is a blend of volt- 
age islands and power gating: You 
adjust the voltage and clock fre- 
quency of each block on the fly so 
that it is just meeting its deadlines 
for the current task. This approach 
requires the ability to modulate 
clocks on a block-by-block basis, 
to dynamically vary supply volt- 
ages at the same granularity, and 
to ensure that nothing unexpected 
will happen while you are switch- 
ing to a new operating point. It 
requires fairly detailed knowledge 
of the application's performance 
requirements. And the whole chip 
must meet timing at every legal 
combination of block operating 
frequencies. 

DTVC 

In DTVC (dynamic-threshold-volt- 
age control), you dynamically con- 
trol the threshold voltage on indi- 
vidual sets of transistors, thereby 
choosing a leakage-versus-speed 
point that just matches the require- 
ments of the moment on a path. 
This approach is effective, but it 
requires special structures in the 
semiconductor process. It is cus- 
tom-design stuff today, primarily in 
use by only a few advanced-proces- 
sor vendors. 
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says the block doesn't need to be fast for 
its current task. In fact, in DVFS de- 
signs, sequencing becomes so complex 
that designers often opt for a microcon- 
troller or a task on a CPU in place of a 
state machine- This situation makes se- 
quence verification a software-verifica- 
tion problem as well as a hardware-veri- 
fication challenge- 
Next, it is necessary to verify that the 
blocks in isolation are going through 
the correct sequence of events on volt- 
age changes- This process can become 
nightmarishly complex because the se- 
quencer, clock-gating circuitry, state-re- 
tention circuitry, and isolation buffers 
may all be in different voltage and clock 
domains and hence subject to different 
timing. "We have seen clock-gating sig- 
nals released prematurely because of dif- 
ferences in voltage levels that were not 
captured by the simulator, for instance," 
elnfochips' Ranpura relates. 

IBM's Floyd points out that, when 
connected blocks are working at differ- 
ent voltages and frequencies, the system 
has in effect become globally asynchro- 
nous and locally synchronous. "We have 
developed tools to detect asynchronous 
paths and to check their attributes when 
they cross a synchronous domain," Floyd 
explains. "For instance, we might modu- 
late the cycle time on a clock to verify 
that there will be no loss of data. And 
we audit designs to make sure that do- 
main crossings comply [with] one of a 
few acceptable techniques." 

Signal integrity can be an issue, as 
well. "It is not just a matter of ensuring 
correct functional behavior at all the 
new combinations of corners," warns 
Toshiba's Krishnamoorthy. "Remember 
that crosstalk can be different depend- 
ing on voltage." So, for instance, a sig- 
nal might not be an aggressor when the 
block in which it is originating is at low 
voltage. It might become a serious prob- 
lem, however, if the originating block 



is running at high voltage and frequen- 
cy and the signal crosses a block that is 
turned down. 

A SYSTEMS APPROACH 

The details of what you need to check 
during verification of a power-managed 
design seem endless. But one thing many 
experts emphasize is that you must verify 
the design as a system, not as blocks in 
isolation. Many of the key issues, partic- 
ularly in power-gated and DVFS designs, 
which can have many signal levels and 
asynchronous clock domains, occur not 
within blocks but between blocks. Thus, 
it becomes necessary for the verification 
team to examine the interactions be- 
tween blocks at different combinations 
of power and frequency. 

Emerging tools such as CPF and UPF 
can help keep track of these complexi- 
ties on a full-chip level, but they are nei- 
ther universally compatible with widely 
used tools nor universally used among 
design teams. IBM, for example, has its 
own internal tools for domain tagging 
and tag inspection during verification 
to keep the power state of the system 
known and consistent. 

Even at the architectural level, pow- 
er management is imposing changes to 
make verification more viable. "We have 
logical design hierarchy based on func- 
tional blocks, and we have physical hi- 
erarchy based on the implementation," 
observes Rob Cosaro, systems/architec- 
ture/applications manager of business- 
line standard ICs and microcontrollers at 
NXP. "But, increasingly, we have a third 
hierarchy based on clock and voltage do- 
mains. Power management in effect is 
defining another hierarchy." And having 
that hierarchy clear from architectural 
design may be the most important factor 
in making verification successful.EDN 
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low-to-high resolution with 
single, dual and quad 
configurations in both volatile 
and non-volatile offerings. 



« 



World's first non-volatile DCP: X9C103 



World's smallest non-volatile DCP: X93154 

World's first non-volatile digitally controlled capacitor: X90100 

World's smallest DCP with 

16knits general purpose EEPR0M: ISL96017 

World's first non-volatile family 
to operate from -40°C to +125°C: ISL223x6 

World's smallest push-button DCP: IS122511/12, ISL23511/12 



Jbuy 



intersil.com/ibuy 



intefsil 



w intersil.com/dcp 
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Unmatched Performance 
and Value _ 




WaveJet® Oscilloscopes 




The WaveJet® Series raises the bar for performance in its class of 
oscilloscopes, offering exceptional value with 2 and 4 channel 
models from 100 MHz to 500 MHz. WaveJet eliminates the tradeoff 
between high sample rate and long capture time — providing 200x 
the capture time of any other product in its class, at 2 GS/s. 



•100 MHz, 200 MHz, 350 MHz 
and 500 MHz bandwidths 

• Long memory: 500 kpts/Ch 
standard 

• 2 or 4 channels 

• 4" footprint 



• 7.5" color display 

• Free passive probe per channel 

• USB, GPIB* and LAN* interfaces 

• Waveform math, including FFT 

• Optional 



WaveAce™ Oscilloscopes 



The WaveAce™combines long memory, color display, extensive 
measurement capabilities, advanced triggering and excellent 
connectivity to improve troubleshooting and shorten debug time. 
With bandwidths from 60 MHz to 300 MHz, sample rates up to 2 
GS/s and waveform memory up to 9 kpts/Ch (18 kpts interleaved) 
the WaveAce exceeds all expectations of a small affordable 
oscilloscope. 

• 60 MHz, 100 MHz, 200 MHz and 300 MHz bandwidths 

• Sample rates up to 2 GS/s 

• Longest memory in class - up to 9 kpts/Ch (18 kpts interleaved) 

• Advanced Triggering - Edge, Pulse Width, Video, Slope 

• 5.7" bright color display on all models, 

• 32 automatic measurements 

• 4 math functions plus FFT 

• Large internal waveform and setup storage 

• USB connections for memory sticks, printers and PCs 



Debug with Confidence 



Since its founding in 1964, LeCroy has focused on creating products 
that improve productivity by helping engineers resolve electronic 
design issues faster and more effectively in computer and 
semiconductor, data storage device, automotive and industrial, 
and military and aerospace markets. 



Experience the New LeCroy Oscilloscopes 
www.insightwithconfidence.com/waveace 
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Start with the right op amp 
when driving SAR ADCs 

USING THE RIGHT OPERATIONAL AMPLIFIER IN FRONT 
OF YOUR DATA CONVERTER WILL GIVE YOU GOOD PER- 
FORMANCE. ADJUSTING COMPONENT VALUES BY PRO- 
DUCTION LOT WILL GIVE YOU THE BEST PERFORMANCE. 



SAR (successive-approximation-register) ADCs 
( analog- todigital converters) are playing an in- 
creasingly prominent role in the design of highly 
effective data-acquisition systems for automatic 
test equipment, instrumentation, spectrum analy- 
sis, and medical instruments- SAR ADCs make 
it possible to deliver high- accuracy, low-power products with 
excellent ac performance, such as SNR (signal-to-noise ratio) 
and THD (total harmonic distortion), as well as good dc per- 
formance. 

For optimum SAR-ADC performance, the recommended 
driving circuit is an op amp in combination with an RC filter 
(Figure 1)- Although this circuit commonly drives ADCs, it 
has the potential to create circuit-performance limitations- If 
you don't properly select the input resistor, R JN , and the input 
capacitor, C IN , values, the circuit could produce ADC errors. 
Worse yet, it could cause the amplifier to become unstable. If you 
ignore the op-amp open-loop output impedance and UGBW 
(unity-gain bandwidth), you may run into amplifier-stability 
issues. 

The optimized ADC-driver circuit in Figure 1 uses an op 
amp to separate the ADC from high- impedance signal sources. 
The following RC lowpass filter, R JN and C IN , performs func- 
tions going back to the op amp and forward to the ADC. R JN 
keeps the amplifier stable by "isolating" the amplifier's output 
stage from the capacitive load, C IN . C IN provides a nearly per- 
fect input source to the ADC. This input source tracks the 
voltage of the input signal and charges the ADC's input sam- 
pling capacitor, C gH , during the converter's acquisition time. 

In evaluating the circuit in Figure 1 , you can determine the 
guidelines and constraints for selecting the value of R IN . The 
op amp's open-loop output resistance, R , and the UGBW or 
the unity crossover frequency, f u , as well as the value of C IN , 
govern this issue (Reference 1 and Figure 2). After defining 
the design formulas for R JN , you can determine the value of 
C IN . The ADC's acquisition time and input sample-and-hold 
capacitance, C SH , as well as R IN , influence the value of C IN . 

Once you understand how this circuit operates, you can es- 
tablish the criteria for a stable system and define an appropri- 
ate design strategy. A proof of concept uses two sample circuits. 
The first is relatively stable; the second is marginally stable. 

OP-AMP STABILITY WITH R |N AND C IN 

The ADC in Figure 1 cycles through two stages while con- 
verting the input signal to a digital representation. Initially, 
the converter must acquire the input signal. After acquiring 



the signal, the converter changes the sampled information, or 
"snapshot," of the input signal to a digital representation. A 
critical part of this process is to obtain an accurate snapshot 
of the input signal. If this ADC-data-conversion process is to 
run smoothly, the driving amplifier must charge the input ca- 
pacitor to the proper value and maintain stability during the 
ADC's acquisition time. 

You can determine the stability of an amplifier with a Bode 
plot, a tool that helps you approximate the magnitude of an 
amplifier's open- and closed-loop-gain transfer functions. In 
Figure 2, the units along the Y axis describe the gain in deci- 
bels of the amplifier in Figure 1. The units along the X axis 
describe the frequency in log, hertz of the open- and closed- 
loop-gain curves. 

If the closure rate of the closed- and open-loop-gain curves 




Figure 1 In this circuit, R |N "isolates" C IN from the op-amp output 
stage. C |N provides a charge reservoir for the SAR ADC during 
the sampling period. 




FREQUENCY (Hz) 

Figure 2 The open- and closed-loop-transfer function of the 
amplifier in Figure 1 does not contain R |N and C IN as loads. 



OCTOBER 16, 2008 | EDN 43 



is greater than 20 dB/decade, the amplifier circuit will be mar- 
ginally stable or completely unstable. For example, if the open- 
loop-gain curve, A QL , is changing at —40 dB/decade, the am- 
plifier circuit is unstable where the slope of the closed-loop- 
gain curve, A CL , is zero at the intersection with the open-loop- 
gain curve. 

You can evaluate the stability of the circuit in Figure 1 with 
the op amp's open-loop-gain function, A QL (Figure 2). The 
amplifier's dc open-loop gain is 120 dB. At approximately 7 
Hz (f Q ), the op amp's open-loop curve leaves 120 dB and pro- 
gresses down at a rate of —20 dB/decade. As the frequency in- 
creases, this attenuation rate continues past dB. The open- 
loop-gain curve, A QL , crosses dB at approximately 7 MHz 
(fjj). Because this curve represents a single-pole system, the 
crossover frequency, f^, is equal to the amplifier's UGBW. This 
plot represents a stable system because the closure rate of the 
closed- and open-loop-gain curve is 20 dB/decade. 

Figure 3 provides an accurate picture of the amplifier's per- 




1k 10k 100k 

FREQUENCY (Hz) 

Figure 3 The pole, f p modifies the open-loop-gain curve of the 
amplifier by introducing a — 20-dB/decade change to the —20- 
dB/decade slope of the open-loop-gain curve, making the slope 
— 40 dB/decade. The added zero at frequency f z changes the 
open-loop-gain curve back to —20 dB/decade. 



formance minus the ADC's impact. Introducing the external 
RC on the op amp's output modifies the amplifier open-loop- 
gain curve. 

When evaluating the amplifier's open-loop-gain curve with 
R IN and C IN in the circuit, you need to include the effect of the 
amplifier's open-loop output resistance, R Q . The combination 
of R Q , R IN , and C IN modifies the open-loop-response curve by 
introducing one pole, f p (Equation 1), and one zero, f z (Equa- 
tion 2). The values of R Q , R IN , and C IN determine the corner 
frequency of f p . The values of R and C IN determine the cor- 
ner frequency of the zero. 

fp=— \ — • <D 



f 



2tt(R +R in )C in 
1 



(2) 



27iR IN C IN 

The pole, f p , modifies the open-loop-gain curve of the am- 
plifier by introducing a — 20-dB/decade change to the already - 
— 20-dB/decade slope of the open-loop-gain curve, making 
the slope equal to —40 dB/decade. The added zero at fre- 
quency f z changes the open-loop-gain curve back to — 20 dB/ 
decade. 

In the interest of stability, the effects of f z must occur at a 
frequency lower than the intersect frequency of the open- 
loop- and closed-loop-gain curves (f CL ). Figure 4 illustrates 
a condition in which f is higher than the open-loop/closed- 
loop- intersection frequency, f CL . In this situation, the amplifi- 



SAR-ADC WORST-CASE SETTLING TIME 



ADC Resolution (bits) 


K (time-constant multiplier 
to V2-LSB accuracy) 


8 


6.24 


10 


7.62 


12 


9.01 


14 10.4 


16 


11.78 


18 


13.17 



Note: Using worst-case values, V |N = full-scale voltage, or 2 N , and V SH0 =0V. 



MEASUREMENT RESULTS OF ADS7886 DIGITAL OUTPUT WITH OPA364 
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0.000977 
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0.022955 


0.027839 


0.016361 



Note: Resistance is 66.5ft, and input capacitance is 1 500 pF for the relatively stable circuit. 
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High-Efficiency Power Solutions 
Reduce Heat, Save Energy, and Conserve Space 



Power-One's high efficiencies enable some 
of the industry's greenest power solutions, 
advantages include: 

• Reduced energy consumption. 

• Increased power densities. 

• Improved performance in elevated 
ambient-temperature environments. 

• Less dissipated heat lowers system 
and site-level cooling costs. 





power-one 



Products 


Applications 


Efficiency 


Hot-Swap 
Front Ends 


Data Servers/Storage, Industrial, 
and Communications 


91% 


DC-DC 
Bricks 


DPA, Bus Converters, RF Amplifiers, 
DOSA Compliant, and Military 


97% 


POL Conversion 
and Management 


Z-0ne @ Digital IBA, Analog IBA, 
and DOSA Compliant 


95% 


AC-DC 
Chassis Mount 


Industrial, Medical, Datacom, 
CompactPCI, and PoE 


91% 


DIN-Rail, PSR, 
\^and Cassette 


Railway, Communications, 
Military, and Rugged Industrial 


97% j 









Changing the Shape of Power 



www. power-one. com 

Power-One and Z-One are registered trademarks of Power-One, Inc. 
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Figure 4 The pole and zero pair modify the amplifier's open-loop 
gain curve. R |N , R , and C IN generate the pole, causing a 40-dB/ 
decade attenuation of the open-loop-gain plot. R |N and C IN gen- 
erate the zero, which occurs after the frequency of the modified 
open-loop/closed-loop intersection (f CL ). 

er circuit is marginally stable, with a phase margin of less than 
45 °. For this circuit, marginal stability can occur if the closure 
rate between the open- and closed-loop-gain curves is greater 
than 20 dB/decade. 

You can find the modified closed-loop bandwidth, f CL , by 
using the amplifier UGBW, the open-loop gain at the pole 
frequency (f p ), and the modified open-loop gain at the zero 
frequency (f z ). The following equations describe the curves in 
figures 2 and 3 and identify f CL : 
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Figure 5 Measuring a 280-mV-p-p, small-signal step response 
(250 nsec/division, 50 mV/division) at V |N with the OPA364 
op amp yields an input resistance of 66.511 and an input capaci- 
tance of 1 500 pF. 



G P =-20 log 



G z =G P -40 log 



'ft A 



G CL =G Z -201 



, if G z > dB, 



(3) 



(4) 



(5) 



Miniature Low Power DC/DC Converters 

Proven designs delivering high 
performance and reliability 

Murata Power Solutions'advanced 
miniaturization capabilities have led to the 
development of a family of low power, isolated 
DC/DC converters that can deliver the highest levels 
of functionality and performance from the smallest possible PCB space. 

With a variety of industry standard SIP, DIP and SMD packages, single-, dual- and triple-output 

configurations and high isolation (up to 8kV) versions available, you're sure to find the ideal solution for your application. 
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NEW Databook 

Request your FREE copy now at 
www.murata-ps.com 




DC/DC Converters 



www.murata-ps.com 

Tel: 800 233 2765 Fax: 508 339 6356 
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The TS Family of Analog Switches 



Enhance ON resistances and bandwidth in your next design 

High-Performance Analog »Your Way ™ 




Tl's newest Analog Switch family (TS) offers a variety of options including different ON resistances, bandwidth, 
charge injection and total harmonic distortion (THD). Our broad switch portfolio includes analog, specialty and 
digital switches designed to support applications such as audio and video data transmission. Optimize your next- 
generation portable communications, computing and consumer electronic designs using analog switches. 



Device 
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""ON 
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r 0N Mismatch 
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ESD 
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OFF Time 
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Package 


TS5A23166 
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11 
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0.9 
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30 
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Red text denotes new products and new package addition 



www.ti.com/switches 1.800.477.8924 ext. 4519 

-Get samples, datasheets and order the new Analog Switch Guide 
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MEASUREMENT RESULTS OF ADS7886 DIGITAL OUTPUT WITH OPA364 
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and 



it 



CL 



: (f z )(lO (G z/ 2 °)), 



(6) 



where G p is the gain in decibels of the open4oop-gain curve 
at f p , G z is the gain in decibels of the modified open4oop-gain 
curve at f z , and G CL is the gain in decibels of the closed-loop- 
response frequency where the closed-loop response intersects 
with the modified open-loop-gain curve. 



The frequency distance between the pole and zero must be 
equal to or less than one decade. This requirement is necessary 
because the phase change from zero negates the phase chang- 
es that the pole initiates. Note that the pole formula (Equa- 
tion 1) includes R IN and R Q ; the formula for zero (Equation 
2) includes only R IN . If the distance between the pole and zero 
exceeds one decade, the phase response will not "recover" in 
time, and the output of the circuit will show more ringing. 



IMduciI Balanced 
Line Receiver ICs 



THAT 1280/1290 Series 



FEATURES: 

• High CMRR: 

90dBat 60Hz (1280) 
50dBat 60Hz (1290) 

• Excellent performance 
-Wide bandwidth: >7.6MHz 
-High slew rate: 14V/jjs 

- Low distortion: 

0.0006% THD 

- Low noise: -104 dBu 

• Low current: 

3 mA (per amplifier) 

• Several gains: 

dB, ±3 dB, ±6 dB 



•Standard pinout (1280) or 
very small footprint (1290) 




APPLICATIONS: 



> Balanced Audio 
Line Receivers 

» Instrumentation 
Amplifiers 

» Differential 
Amplifiers 

» Precision 
Summers 

■ Current Shunt 
Monitors 



Corporation 

Tel: +1 (508)478-9200 Email: sales@thatcorp.com Web: www.thatcorp.com 




Coin Cell 
Battery Retainers 

Nickel Plated Phosphor Bronze 




Available with PC Tabs, or for 
Surface Mounting • Bulk or Tape 
& Reel • Sizes: 6.8 thru 24mm 

For details: write, call, fax or visit our website 
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■ MEMORY PROTECTION DEVICES, INC. 

200 BROAD HOLLOW RD., FARMINGDALE, NY 11735 
TEL (631) 249-0001 / FAX (631) 249-0002 
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for high density 
interfaces. 



S£>1/?y1Z rM open pin field arrays for heights 
from 7mm to 17,5mm and up to 500 l/Os 



SEARAY™ right angle with reduced 
skew and impedance mismatch for 
micro backplanes 

HD Men open pin field arrays for heights 
from 20mm to 35mm and up to 529 l/Os 

HD Mezz is a trademark of Molex Incorporated 

DP Array® tor easier differential 
signal routing up to 168 pairs and 
10mm to 17mm heights 



samtec 
TRANSMISSION LINE SOLUTIONS 

www.samtec.com/tls 
I 
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Power Supply 



Modular 
Power Supply 







• 








MODULAR POWER SUPPLIES - 

The Easy Alternative to Custom 

Avoid the torturous custom power supply route by choosing 
one of Lambda's modular or configurable products. Satisfy 
your "non standard" voltages, signals or cooling require- 
ments by using one of our field proven designs. 

In a hurry? 

Our US located Value Added Resellers can assemble and 
ship our fully certified Vega or NV modular supplies in just 
48 hours. 

No minimum purchases, no Engineering charges. 

Contact Lambda to see how we can simplify 
your program. 

http://www.lambdapower.com/products/finder2.htm 

♦ 1 75W to 1 500W Output Power 

♦ One through 14 Outputs 

♦ Wide range AC Input 

♦ Power Factor Correction 

♦ Global Safety Certifications 

♦ RoHS compliant 

Lambda Reliability, Lambda Quality, Lambda 
for Low Cost of Ownership. 

For more information on how Lambda can 
help you power your unique applications, 
visit our web site at 
www.lambdapower.com 
or call 1-800-LAMBDA-4 
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Figure 6 Measuring a 280-mV-p-p, small-signal step response 
(250-nsec/division, 50-mV/division scales) at V |N with the 
OPA364 op amp yields an input resistance of 1 5ll and an input 
capacitance of 1 500 pF. 
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CORRECT VALUES OF R |N AND C IN 

The primary purpose of capacitor C IN is to charge the ADC's 
input sampling capacitor, C SH , during the ADC's signal acqui- 
sition. With C IN in the circuit, the amplifier should provide less 
than 5% of the charge to C SH during signal acquisition, and C IN 
provides more than 95% of the required charge. To ensure that 
C IN provides most of the charge to the ADC's input during ac- 
quisition, C IN should be greater than or equal to 20 times C SH 
(references 2 and 3). 

R IN serves as the isolation resistor between the op amp and 
C IN . R IN assists in stabilizing the amplifier, but its secondary 
task is to ensure that the system can charge the input ADC 
capacitor in a timely fashion (Reference 3). The time-con- 
stant multiplier of this ADC acquisition time is K. As a first 
step, with these two variables and C IN , 

tACQ (8) 



R IN ~ 



KxC 



IN 



where t ACQ is the ADC's acquisition time (Reference 4). 

AMPLIFIER-FREQUENCY AND GAIN VALUES 

As a first step to optimization, look at the C IN and op-amp 
characteristics. During op-amp production, internal com- 
ponents can vary. Capacitances can change by as much as 
±15%. Additionally, the op-amp transistor's transconduc- 
tance can vary from ±5 to ±15%. So, if you are looking for 
a variation of f v at 25 °C with three times sigma, you can use 
±20% as a good starting point. 

It is good practice to use i cl ={J2 and f z =f CL /2 or f z =fJ4 
for good stability over different production lots. If these con- 
ditions are a concern, having G z equal to 6 dB or f z =f CL /2 
further stabilizes the system from production lot to produc- 
tion lot. 

Using these gain and frequency points' definitions, you can 
make decisions about the best values for R 1N and C IN . If you 
define G z as equal to 3 dB, then dB=3 dB-20Xlog(f CL /f z ) 
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(Equation 5) or f CL = 1.41 Xf z (f z =f CL /L41). If you want G z =6 
dB, then dB=6 dB-20xlog(f CL /f z ), or f CL =2Xf z (f z =f CL /2). 

PROOF OF CONCEPT 

This theory is a good start, but proof of concept completes 
the picture. Two sample circuits tie this theory to reality. These 
designs use the OPA364 as the op amp with a UGBW of 6.45 
MHz and open-loop output resistance, R Q , of 110H. Both de- 
signs also use a 1500-pF capacitor for C IN . The target closed- 
loop bandwidth, f , in the design is f /2, or 3.23 MHz, and the 
target frequency of added zero is or 1.61 MHz. 

Two conditions are observable using an R JN of 66. 5 H (Design 
1, the relatively stable circuit) and 1511 (Design 2, the margin- 
ally stable circuit). You can then observe the effects of a small- 
signal step response at the test point, V IN . The op amps are in 
a buffer configuration, with a 1 V/V closed-loop gain. The sec- 
ond series of tests uses the ADS7886 for the SAR ADC. 

In the first design, R IN is 66.511. Combining the effects of 
C IN , R IN , and R Q produces a pole frequency, f p (Equation 1), 
at 601 kHz with an open-loop gain, G p (Equation 3), of 20.6 
dB. This combination of C IN , R IN , and R Q also produces a zero, 
f z (Equation 2), at 1.596 MHz with an open-loop gain, G z 
(Equation 4), of 3.65 dB. Figure 3 shows the system's Bode 
plot. Figure 5 shows the response of V IN when the noninvert- 
ing input of the op-amp buffer sees a 280-mV-p-p, small-signal 
step response. The signal at V IN is stable within 1 fxsec. This 
condition is desirable for this SAR ADC. 

In the second design, R is 1511. With the values of R , 
C IN , and R Q , the pole frequency, f p , is 849 kHz at an open-loop 
gain, G p , of 17.6 dB. The zero frequency, f z , is 7.074 MHz with 
an open-loop gain, G z , of — 19.22 dB. Figure 4 shows the sys- 
tem's Bode plot. Figure 6 shows the response of V IN when the 
noninverting input of the op-amp buffer sees a 280-mV-p-p, 
small-signal step response. 

This marginally stable test circuit generates an overshoot 
with ringing, which is undesirable. The ADS7886 produces 
an unstable and inaccurate result from the signal in Figure 6. 

These measurements show how the system responds to an 
input step without the ADS7886 connected. You can expect 
similar results when the load changes with the ADS 7 886. 
Closing the ADS 7 8 86 sampling switch generates a kickback 
current. Adding the ADS 7 8 86 to the circuit makes it diffi- 
cult to observe 12-bit-accurate changes with an oscilloscope. 
Therefore, you apply a new measurement technique. 

The test begins with the addition of the ADS 7 8 86 to the 
circuit (Figure 1). This circuit applies a constant voltage at 
the noninverting input of the OPA364- Testing began with 
an ADS 7 8 86 acquisition time of 300 nesec and 4096 measure- 
ments; testing continued with an acquisition time of 60 nsec, 
again with 4096 measurements. The acquisition time contin- 
ued to increase by increments of 60 nsec until the test was 
complete for both designs. 

After collecting this data, calculations of sigma and mean 
values for every ADS 7 886 acquisition point yield the results 
in tables 2 and 3. In the tables, the top line identifies the ad- 
ditional acquisition for the ADS 7 886 beyond the initial ac- 
quisition time of 300 nsec from test to test. The far left col- 
umn lists the output-data codes and the number of times these 
codes appear in the body of the table. The statistical summary 
of the body of both tables appears at the bottom. 
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The data shows that the stable design has a lower sigma and 
more consistent mean. The mean value of the unstable system 
has an error of more than 0-7 LSB, whereas the stable system 
has an error of less than 0.03 LSB. 

DESIGNING THE ADC SYSTEM 

Choosing the right op amp for the ADC is critical. Be sure 
to compare issues such as amplifier noise, bandwidth, and set- 
tling time to the ADC's SNR, SFDR (spurious-free dynam- 
ic range), input impedance, and sampling time. The primary 
purposes of capacitor C IN are to provide charge to the ADC's 
input sampling capacitor, C SH , during the ADC's signal-acqui- 
sition time and to offload the amplifier from dynamic activity 
from the ADC. The proper design equation when determin- 

ingC iN is: 20xC SH <C IN <60xC SH . 



(9) 



Determining this value allows you to calculate the new time- 
constant multiplier, K p with N equal to the number of ADC 
bits: 



K { =\n 



,N+1 



(C IN /C SH +D 



(10) 



As design requirements and ADC performances set up the 
ADC's acquisition times, calculate the frequency of the added 
zero, f : 



Ki 



2jct 



ACQ 



(11) 



After determining these quantities, verify that the system is 
stable with this equation: 
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With the frequency of the added zero and C IN , determine the 
value of R using the following two equations: 

R IN 



27ixC IN xf z 
p > R o 

Calculate the frequency of the added pole, f : 

1 



fp 



27ix(R IN +R )xC 



IN 



(13) 
(14) 

(15) 



Check the gain of the added zero on the modified open-loop- 
gain curve- For a stable design, this value needs to be greater 
than or equal to 6 dB: 



6 dB < G z =-20 log 



-40 log 



V 1 J 



(16) 



Once the design process is complete, it is critical that you 
benchtest the circuit to verify stability.EDN 
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Precision analog bests digital 
in speed, noise, simplicity, and 
ease of implementation 

Paul Antonucci, Alberti's Window, Watertown, MA 



Every once in a while, I read 
that analog is on the way out, 
and everything should be digital. 
Recently, I was involved in a design 
project that illustrates that this belief 
doesn't apply in many situations. 

The problem was to put two new 
optical breaks into the drive mecha- 
nism of a group of robotically con- 
trolled, Internet-accessible telescopes 
in an education application. The 
drive mechanisms have been showing 
signs of wear from excess slipping at 
end of travel: The sensors would sig- 
nal end of travel, so there would be 
no slipping. The fork arms and other 
locations enclosed the internal wiring 
harnesses of the telescopes so that re- 
wiring the telescopes would have been 
awkward. 

So, the best idea was to encode the 
signals from the new sensors into the 
current wiring. There was one digital 
signal available; the challenge was to 
encode the two new sensors onto that 
signal. 

Using a digital approach 
would have involved adding 
a small microcontroller to the 
base and encoding a serial dig- 
ital signal to send up the tube, 
with appropriate synchro- 
nous pulses, data, and check 
sums, which then would un- 
dergo decoding at the CPU. 
This approach would have re- 
quired some sort of reset pro- 
vision because the telescope 
needed to operate indepen- 
dently for months, and those 



serial digital signals would have unde- 
sirable switching noise on them. The 
CPU would also have had to spend 
time grabbing, decoding, and syn- 
chronizing the signals, taking up more 
time. In addition, we would have had 
to have written some messy bit-bang- 
ing code: not a huge challenge — but 
not a simple or elegant one, either. 

Instead, this approach uses a varia- 
tion on a simple adder circuit in which 
each sensor contributes a different 
amount. Taking the basic binary idea 
that one sensor adds ±1; the next, ±2; 
and the last, ±4, the approach unique- 
ly represents each state. 

The basic requirements are a volt- 
age reference, some op amps, and a 
summing junction. This application 
uses IC 4 , a Texas Instruments (www. 
ti.com) REF3040 voltage reference, 
which has an output tolerance of 
0.2% yet costs only approximately 
$1 (Figure 1). This reference gen- 
erates a voltage of 4.096V and pro- 
duces enough current to run the op 
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amps, which run rail to rail to within 
a few millivolts- Be careful, however: 
Some "rail-to-rail" op amps have in- 
sufficient current drive near the rails. 
This circuit uses 0.1%-precision resis- 
tors, which cost only about 20 cents- 
Remember that you can use two 10- 
kO resistors in series and two in par- 
allel to create the 20- and 5-kH re- 
sistances that you see in the figure. 
The assembly and bill of materials are 
simpler and precision is better because 
the distributions around the ideal re- 
sistor value tend to cancel out. 
Table 1 lists the predicted out- 
put voltages. 

Tests with a voltmeter show 
that all output voltages were 
within 1 mV of the predicted 
output values. The error bud- 
get of less than 1 % shows that 
you could use this method to 
encode several more sensors. 
In the telescope, the CPU's 
ADC reads the outputs. Read 
it twice to ensure that you 
aren't catching it at a transi- 
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tion. The advantages of the circuit 
include the fact that its dc signals 
ensure that there's no noise and that 



the updates are nearly instantaneous. 
Also, because op amps are simple, vir- 
tually indestructible, and insensitive 



to noise, no reset circuits are neces- 
sary. Best of all, the design requires no 
programming. EDN 
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Figure 1 This application uses IC 4 , a REF3040 voltage reference, which has an output tolerance of 0.2% yet costs only 
approximately $1 . 



Mutliplexing technique yields a 
reduced-pin-count LED display 

Saurabh Gupta and Dhananjay V Gadre, 

Netaji Subhas Institute of Technology, Dwarka, New Delhi, India 



RH "Charlieplexing" as a method 
LJ of multiplexing LED displays 
has recently attracted a lot of atten- 
tion because it allows you, with N I/O 
lines, to control NX(N-l) LEDs 
(references 1 through 5). On the 
other hand, the standard multiplex- 
ing technique manages to control far 
fewer LEDs. Table 1 lists the number 
of LEDs that you can control using 
Charlieplexing and standard mul- 
tiplexing by splitting the available 
number of N I/O lines into a suitable 



number of rows and columns- Table 
1 also shows the duty cycle of the 
current that flows through the LEDs 
when they are on. 

Clearly, Charlieplexing allows you 
to control a much larger number of 
LEDs with a given number of I/O 
lines. However, the downside of this 
technique is the reduced duty cycle 
of the current that flows through 
the LEDs; thus, to maintain a given 
brightness, the peak current through 
the LEDs must increase proportion- 



ately. This current can quickly reach 
the peak-current limit of the LED. 
Nonetheless, Charlieplexing is a fea- 
sible technique for as many as 10 I/O 
lines, allowing you to control as many 
as 90 LEDs. To control an equivalent 
number of LEDs using the standard 




Figure 1 "Charlieplexing" with two 
I/O lines allows you to control two 
LEDs. 
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OUTPUT VOLTAGE 
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Figure 2 "GuGaplexing" with two I/O lines allows you 
to control four LEDs. 



multiplexing technique would require 
19 I/O lines. 

This Design Idea proposes a modi- 
fication to the Charlieplexing tech- 



nique that allows you 
to control twice as 
many LEDs- Thus, 
the proposed method, 
"GuGaplexing," al- 
lows 2XNX(N-1) 
LEDs using only N I/O 
lines and a few addi- 
tional discrete com- 
ponents (Figure 1). 
To turn on LED D 1 
using the Charlieplex- 
ing method, set P x to 
logic one and P 2 to 
logic zero. To turn on 
LED D 2 , set P x to logic zero and P 2 to 
logic one- Figure 2 shows the pro- 
posed GuGaplexing scheme with two 
I/O lines controlling four LEDs. The 



Figure 3 This graph plots the voltage at node PR 1 for various supply-voltage 
values when the input to the transistor pair is floating. 
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GuGaplexing technique exploits the 
fact that each I/O line has three states: 
one, zero, and high impedance. Thus, 
with two I/O lines, states 00, 01, 10, 
and 1 1 of eight possible states control 
the LEDs. 

Table 2 lists the voltage at the 
output of the transistor pair for vari- 
ous states of the two I/O lines, P x 
and P . The transistor pair compris- 
es a BC547 NPN and a BC557 PNP 
transistor; matched transistor pairs 
are recommended. For N I/O lines, 
the GuGaplexing technique requires 
N — 1 transistor pairs. Table 3 shows 
the state of the I/O lines P and P 2 
and the voltage at node PRj to con- 
trol the four LEDs. The circuit re- 
quires that the LED turn-on voltage 
should be slightly more than V cc /2. 
Thus, for red LEDs with a turn-on 
voltage of approximately 1.8V, a suit- 
able supply voltage is 2.4V. Similarly, 
for blue or white LEDs, you can use a 
5 V supply voltage. Modern microcon- 
trollers, especially the AVR series of 
microcontrollers from Atmel (www. 
atmel.com), operate at a wide variety 
of supply voltages ranging from 1.8 to 
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25 



High-precision, low-drift resistor-divider 

with custom ratio options 



Ultra-low 2ppm/ C temperature drift 

The MAX5490/MAX5491/MAX5492 are composed of two precision-matched thin-film 
resistors that guarantee ultra-precise initial ratio accuracy of less than 0.035% and 
very low drift of 2ppm/°C over -40°C to +85°C. These voltage-dividers are an excellent 
choice for low-drift gain/attenuation circuits where output accuracy is essential, such 
as industrial process control, instrumentation, base stations, and medical devices. 



SET PRECISION 
GAIN ON YOUR 
DAC OUTPUT... 



/i/i 

M. 

I M 



/H/JXI/H 

MAX5490- 
MAX5492 



...OR ON YOUR 
ADC INPUT! 




• Excellent ratio accuracy 

• 0.035% (max, A grade) 

• 0.05% (max, B grade) 

• 0.1% (max, C grade) 

• 2ppm/°C temperature drift 

• Up to 50V continuous voltage 

• 3-pin SOT23 package 



CHOOSE FROM 
20 STANDARD RATIOS OR 
CUSTOM RATIOS* 




Part 


End-to-End 
Resistance (kQ) 


Available 
Ratios 


Ratio Tolerance (%, max) 


Price t 
($) 


A Grade 


B Grade 


C Grade 


MAX5490 


100 


1:1 to 25:1 


0.035 


0.05 


0.1 


0.67 


MAX5491 


30 


1:1 to 30:1 


MAX5492 


10 


1:1 to 10:1 



t1000-up recommended resale C grade. Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. Not all packages are 

offered in 1k increments, and some may require minimum order quantities. 

*Minimum order quantity applies to nonstandard ratios. Contact factory for pricing and availability. 
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Figure 4 With the GuGaplexing technique, controlling 24 LEDs requires only four I/O lines and three sets of transistors. 



5.5V, and this design uses a Tiny 13 
microcontroller to implement the 
GuGaplexing technique. 

Figure 3 plots the voltage at node 
PR 1 for various supply-voltage values 
when the input to the transistor pair is 
floating. The Spice simulation ensures 
that the circuit would work properly 
to provide V cc /2 at the PR 1 node for 
wide operating-supply-voltage values 
when the input is floating. 

A 24-LED bar display validates the 
scheme in a real application (Figure 
4). The display is programmable and 
uses a linear-display scheme for the 
input analog voltage. The input ana- 
log voltage displays in discrete steps 
on the 24-LED display. Controlling 24 
LEDs requires only four I/O lines and 
three pairs of transistors. The system 
uses 5 -mm, white LEDs in transpar- 
ent packaging and a 5V supply volt- 



age. The GuGaplexing implementa- 
tion uses an AVR ATTinyl3 micro- 
controller. The analog input voltage 
connects to Pin 7 of the ADC input 
of the Tiny 13 microcontroller. 

The control program for the AT- 
Tinyl3 microcontroller is available 
with the Web version of this Design 
Idea at www.edn.com/081016dil. The 
source code is in C and was compiled 
using the AVRGCC freeware compil- 
er. You can modify the source code to 
display only one range of input voltage 
between and 5V. For example, it is 
possible to have a linear-display range 
of 1 to 3V or a logarithmic scale for 
input voltage of 2 to 3V.EDN 
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Derive a simple high-current source 
from a lab supply 

Roger Griswold and Alfredo Saab, 
Maxim Integrated Products, Sunnyvale, CA 



When electronic testing re- 
quires an adjustable current 
source, you must often build that piece 
of test equipment in the lab- You can 
easily make such a current source from 



a standard force-sense lab power sup- 
ply (Figure 1). The circuit requires an 
additional power supply for the ICs 
and a separate control voltage- The 
feedback signal to the force-sense sup- 



ply comes from a MAX4172 high-side 
current monitor from Maxim (www. 
maxim-ic.com). In the configuration 
in Figure 1, the circuit offers a 1-to-l 
ratio of control voltage to load current 
(1A/V). Figure 2 shows load current 
as a function of load resistance. 

To change the voltage-to-current 
ratio, simply change the value of 

R SHUNT' a l0Wer Value ° f R SHUNT § iveS 

higher current and vice versa. The 
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Industry's only fully 
programmable, multistate, 
analog and digital VGAs 



High-linearity monolithic solutions cover 50MHz to 1 OOOMHz 



62dB of total 
gain range 



RF IN 



Built-in DAC for analog 
attenuator control 





a PPHcations 
^» high if 



RF OUT 



Digital attenuator 
simultaneously supports 
four programmable values 



V IN v 0UT SPI PARALLEL CTRL 1 CTRL 2 
! - CONTROL CONTROL 



SPI interface controls digital 
and analog attenuators 



Optional parallel 
control supports 
high-speed switching 



Optional control bits support "rapid fire" 
gain stepping between four preprogrammed, 
fixed attenuator states 



• Excellent linearity 

• Up to +42dBm OIP3, +61dBm OIP2, 
+18.5dBm OPidB 

• -63dBc HD2 and -80dBc HD3 performance 

• Noise figures as low as 4.2dB 

• Fast, 40ns digital switching 

• Very low digital VGA amplitude overshoot/undershoot 



• 5V or 3.3V supply 

• Supports four "rapid fire" preprogrammed attenuator states 

• Quickly access any one of four customized attenuation 
states without reprogramming the SPI bus 

• Ideal for fast-attack, high-level blocker protection 

• Prevents ADC overdrive condition 



Part 


VGA 
Type 


Frequency 
(MHz) 


Gain Range 
(dB) 


Digital 
Gain Steps 
(dB) 


OIP3 
(dBm) 


OIP2 
(dBm) 


OPidB 
(dBm) 


HD2 
(dBc) 


HD3 
(dBc) 


NF 
(dB) 


MAX2065 


Analog/digital 


50 to 1000 


-43 to +19 


1 


41.5 


60 


18.5 


-63 


-80 


6.6 


MAX2066 


Digital 


50 to 1000 


-11 to +20 


1 


42 


60.5 


18.5 


-63 


-80 


5.5 


MAX2067 


Analog 


50 to 1000 


-9.5 to +21.5 




42 


61 


18.5 


-63 


-80 


4.2 



SPI is a trademark of Motorola, Inc. 
WiMAX is a trademark of the WiMAX Forum. 
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Figure 2 This graph shows load current versus load resis- 
tance for the circuit in Figure 1 . 

maximum allowed voltage of 150 mV between the RS + 
and RS— terminals, the maximum positive RS voltage of 
32V, and the maximum current capability of the force-sense 
supply all limit the output current of the supply. 

Because voltage and current meters in the force-sense sup- 
ply display inaccurate values while this circuit is operating, 
you should use external meters to monitor the load voltage 
and load current- Also, be aware that, if you remove the 
load so that the output current is OA, the open-circuit volt- 
age of the force-sense supply goes to the maximum value it 
can generate. EDN 
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Figure 1 Adding these components to a standard 
force-sense lab supply makes a simple voltage-con- 
trolled current source. As configured, the circuit pro- 
duces a control ratio of 1 -to-1 A/V. 
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DESIGN 
NOTES 



Power Monitor for Automotive and Telecom Applications 
Includes ADC and l 2 C Interface - Design Note 452 

Dilian Reyes 



Introduction 

The LTC®4151 is a high side power monitor that includes 
a 12-bit ADC for measuring current and voltage, as well 
as the voltage on an auxiliary input. Data is read through 
the widely used l 2 C interface. An unusual feature in this 
device is its 7Vto 80V operating range, allowing itto cover 
applications from 12V automotive to 48V telecom. 

Automotive Power Monitoring 

Automobile batteries serve more systems than ever 
before, many of which operate when the battery is not 
charging, such as information/entertainment systems or 
devices plugged into the accessory socket. 

The high input voltage of the LTC4151 is a good fit for 
monitoring power in high transient environments such 
as automotive. Figure 1 shows the LTC4151 monitoring 
up to 16A through a 5mQ sense resistor at an accessory 
socket, and feeding data via l 2 C to a microcontroller. 

A portable GPS unit is used to illustrate the principle. In 
this case it is powered up and charging its own internal 
battery, drawing 396mAf rom the 12.1 V supply. The 4.8W 
of power is relatively low and thus calls for no immediate 
need for alarm. However, a higher power device such as a 
built-in DVD player with dual LCD displays or an external 
60W thermoelectric cooler plugged into the accessory 



socket would drain the battery considerably faster than 
the GPS. The digital information from the LTC4151 high 
resolution and accurate 12-bit ADC can be interpreted 
and displayed on an in-dash screen, or used by the host 
system to shut down the channel to avoid fully draining 
the battery. 

Telecom Power Monitoring with PoE 

One major advantage of the wide range input voltage 
of the LTC4151 is the ability to monitor higher voltage 
applications such as those used in telecommunica- 
tions. The emerging IEEE802.3af Power over Ethernet 
(PoE) standard has gained much interest in the past 
few years. 

In Figure 2the LTC4151-1 monitors the isolated 48Vpower 
supply tothe LTC4263 single port Power Sourcing Equip- 
ment (PSE) controller. Communication across isolation 
through optocouplers to a microcontroller is simplified 
with the LTC41 51 -1 's split bidirectional SDA line to separate 
data in and data out. Pull-up resistors tie directly to the 
48V supply for pins SCL and SDAI, which are internally 
clamped to 6V, and inverted SDAO is configured to be 
clamped by an optocoupler diode. With the low speed 
optocouplers shown, the LTC4263 generating its own 

XT, LT, LTC and LTM are registered trademarks of Linear Technology Corporation. 
All other trademarks are the property of their respective owners. 
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Figure 1 . The LTC4151 Monitoring Voltage and Current of an Auto Socket with a GPS Unit 
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Figure 2. The LTC4151-1 in a PoE Single Port PSE with the LTC4263. 1 2 C Communication to an Isolated Microcontroller 



5V supply, and the LTC4151 high voltage protected l 2 C 
pins, a separate digital supply is not needed on the PoE 
side, just the single isolated 48V supply. 

Optional powerclasses (4W, 7Wand 15.4W) categorizethe 
power requirements of a Powered Device (PD) on the cable 
end. The LTC4263 outputs a current to a power manage- 
ment resistor that is proportional to the power class of 
the plugged-in PD.The LTC4151-1 measuresthe resulting 
voltage through its auxiliary ADC input and reports thisto 
the microcontroller, which in turn interprets what power 
class is present. The microcontroller can then read the 
current being drawn at the port to determine if the PD is 
abiding by its power class, and confirm that the supply 
voltage to the PSE controller meets PoE standards. 

The LTC4151 has a configurable address so multiple 
LTC4151s can operate on the same bus, allowing for a 



multiport solution with monitoring at each port. This as- 
sists with the controller power management functions, 
which utilizes the available power from an optimized 
supply to the individual ports. 

Additional benefits of the LTC4151 isthe integrated current 
senseamplifier, inputvoltage resistordivider, precise ADC 
reference voltage and channel select MUX. These improve 
accuracy versus variances of external components and 
also save on costs of discrete parts. 

Conclusion 

The LTC4151 is an easy to use but feature-rich power 
monitoring devicesuitableforawide variety of automotive, 
telecom and industrial applications. It provides accurate 
voltage and current monitoring of a positive supply rail 
from 7V to 80V via a simple l 2 C interface. 
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Programming presents opportunity for distribution 



With forecasters pro- 
jecting that the pro- 
grammable-IC mar- 
ket will grow at a CAG R (com- 
pound-annual-growth rate) of 
more than 1 7% from 2007 to 
2011, components distribu- 
tors are taking notice. "From a 
distributor's perspective, if you 
look at the amount of semi- 
conductor products that all of 
us, Avnet and its competitors, 
sell, ... you could argue that 
at least a third or more of the 
sales are probably in program- 
mable products of one kind or 
another," says Jim Smith (pho- 
to), president of Avnet Lo- 
gistics. "Obviously, those pro- 
grammable products need to 
be programmed." 

Hence, Avnet Inc (www. 
avnet.com) recently acquired 
Source Electronics Corp, a 




20-year-old provider of out- 
sourced custom-programming 
services. Avnet has incorporat- 
ed the Hollis, NH-based com- 
pany into its Avnet Logistics 
business. With facilities around 
the globe, Source supports 
customers in a variety of end 
markets, including consumer 
electronics, automotive, mo- 
bile communications, telecom- 
munications, networking, com- 
puting, and enterprise storage, 
through programming services 
that use proprietary program- 
ming processes and result in 



low defect rates and rapid or- 
der fulfillment. 

"If you look at [Avnet Elec- 
tronics Marketing] globally, 
design is the core of our busi- 
ness. We hire FAEs [field-ap- 
plication engineers], and we go 
to market from a technical per- 
spective. That group designs in 
programmable ICs; then there 
has to be someone to help our 
customers program those ICs. 
Source is invested in technol- 
ogy that helps develop algo- 
rithms and assists the various 
companies where there is a 
technical application associ- 
ated with the programming of 
the IC," Smith says. "We see a 
huge opportunity." 

At the estimated CAG R, pro- 
grammable ICs will be a $50 
billion market in 201 1 . "That's a 
nice market to play in," he says. 



EU RECHARGES BATTERY Dl 

The EU (European Union) has implement- 
ed its New Batteries Directive, prohibiting 
vendors from placing on the market certain 
batteries and accumulators with a propor- 
tional mercury or cadmium content above 
a fixed threshold. Directive 2006/66/EC, 
which replaces an older EU batteries di- 
rective, also promotes a high rate of col- 
lection and recycling of waste batteries 
and accumulators. It aims to improve the 
environmental performance by all parties 
involved in the life cycle of batteries and 
accumulators, including their recycling and 
disposal. 

The EU member states transposed the di- 
rective as of Sept 28, 2008, and it applies to 
all types of batteries and accumulators, ex- 
cept for those used in equipment to protect 



RECTI VE 

EU countries' security or for military purpos- 
es or in equipment for use in space. 

As with the WE EE (waste-electrical-and- 
electronic-equipment) directive, producers 
must label batteries and accumulators with 
the crossed-out wheeled-trash-bin symbol, 
meaning that users cannot dispose of these 
items in the trash, and the labels must list 
the chemicals present in batteries and ac- 
cumulators. 

The New Batteries Directive should affect 
electronics manufacturers because they will 
have to design and manufacture electronics 
end products in such a way that users can 
easily remove the battery. 

For more on the new battery directive, 
see www.edn.com/blog/570000257/ 
post7270032227.html. 



SENSORS TO 
DRIVE GLOBAL I 
MEMS MARKET 
TO $8.8 BILLION 
IN 201 2 

The global market for 

MEMS (microelectro- 
mechanical systems) will 
expand to $8.8 billion in 
2012, up from $6.1 billion 
in 2006, according to data 
from iSuppli Corp (www. 
isuppli.com). 

"The markets for mainstay 
MEMS-actuator products— 
ink-jet heads and DLP [Digi- 
tal Light Processor] chips 
from Texas Instruments 
Inc— finally have passed the 
baton to MEMS sensors to 
drive the next growth wave 
in the market," says Jeremie 
Bouchaud, iSuppli's director 
and principal analyst for 
MEMS. 

ISuppli reports that part 
of the growth is the result of 
the rapid rise of consumer- 
electronics applications, 
such as motion sensors for 
gaming, laptops, and digital 
still cameras. 

"Mobile handsets will 
also be a strong area, with 
MEMS-sensor revenue in 
this area to rise at a 22.9% 
CAGRto reach $925 million 
in 2012," Bouchaud says. 

Together with consumer 
electronics, the mobile 
handsets, automotive, and 
industrial-process-control 
segments will account for 
more than 60% of total 
MEMS-market revenue in 
201 2, the market-research 
company forecasts. 
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IHS knows green 

Whether it's compliance with regulations, 
ensuring sustainability and high reliability, 
or coping with obsolescence and supply 
volatility, IHS understands that green 
means different things to different people. 

Engineering and sourcing professionals rely 
on IHS information to satisfy today's product 
lifecycle demands, demonstrate social 
responsibility, and maintain uninterrupted 
product flow. 
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THE 



GREENING 



OF THE SUPPLY CHAIN 



A Letter from the Editor 



I t started two years ago with the European Union's Restriction on Hazardous Substances 
(RoHS) and it's literally sweeping the globe. "It" is the environmental movement, and no one 
in the electronics industry doubts it is here to stay. 

The electronics industry in particular is the subject of many of these environmental 
I mandates — one of the "Es" in "WEEE" stands for "electronics" and the so-called "China RoHS" 
targets "electronic information" products. Why the bad rap? The short lifecycle of many con- 
sumer electronics products means cell phones, PCs and Internet appliances are hitting landfills 
at an increasing rate. The rapid development of China — now one of the biggest manufacturing 
centers in the world — has added to air pollution problems in that region. So governments are 
no longer making recycling and eco-friendly designs voluntary: they are a requirement for 
doing business in a global economy. 
^^^^^^^^^^^^^^^^^^^^^ Electronics distributors are only one part of the supply 

^2 chain that makes electronics manufacturing possible (and cost- 

^ Reed Electronics Group effective). Although distributors are not directly responsible for 

Reed Business information ensuring products comply with local environmental mandates, 

225 wyman street, Waitham, ma 02451 they are the conduit of compliance information from the supplier 

to the end customer. The sheer volume of products passing 

www.edn.com . . ...... 

through the channel makes it imperative that distributors are up- 
edn worldwide to-date on every law affecting their customers' business. 

Russ Pratt, edn Group Publisher Distributors have stepped up to the task, gathering compli- 

Phone:781-734-8417 Fax:781-734-8070 ance information from suppliers or directing customers to rele- 

rpratt@reedbusiness.com vant suppMer information. In cases where compliant and noncom- 

Judy Hayes, Associate Publisher pliant products might get mixed up, the channel has developed 

judy.hayes@reedbusiness.com inventory-management systems that prevent such mistakes. And 

Regina Twiss, CPS Manager many companies have taken green one step further, by embed- 

reginatwiss@comcast.net ding sound environmental practices into their corporate cultures, 

special issue Editor: Barbara Jorgensen The "greening" of the electronics supply chain is well underway. 

There are still a lot of questions surrounding the environ- 
mental movement; among them, what products will be affected 
Allied Electronics ... ...S7 Dv China's evolving mandate? Once that information becomes 

Avnet Electronics Marketing (em) S11 available, customers of the global supply chain can be assured 

Carlton-Bates Company S15 their distributors will have it handy. "If distributors don't have the 

Digi-Key S3 information themselves, they know where to direct the customer 

| H S S2 to find it," says Barney Martin, vice president for industry prac- 

Mouser Electronics S9 t j ces f or tne National Electronic Distributors Association. "When 

you get right down it, [managing such information] is all about 
Newark S5 customer service." 

This supplement — both in print and an expanded online 
version — is designed to be a resource for all companies playing in 

Green takes root in electronics industry... S6 ^ g|oba| $upp|y chajn Much Qf ^ jnformation has beep CQn _ 

Where to go for green S12 , , ... , 

t , mM tributed by distributors. We encourage readers to take a look — 

Green inside and out S14 , ,, u 

TheBenefitsof Green S17 and happy greening! ■ 

Risky Business S20 

What Does Green Mean S21 Freelance writer Barbara Jorgensen has been covering the electronics distribution industry 

for nearly 20 years, most recently as a Senior Editor at Electronic Business magazine. 
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REEN 



TAKES ROOT IN ELECTRONICS INDUSTRY 

Distributors adapt to a rapidly changing compliance environment 




Georg Stein be rger, 
vice president of 
communications 
for Avnet 
Electronics 
Marketing EMEA 
and director of 
Avnet's green 
efforts. 



July 1, 2006 was a milestone 
in the annals of the elec- 
tronics industry. That day, 
lead, mercury, cadmium 
and certain flame retar- 
dants were officially banned from 
electronics products entering the 
European Union. But even as the 
EU's Restriction on Hazardous 
Substances (RoHS) became law, 
detractors of the mandate figured 
RoHS was a paper tiger: heavy on 
political correctness but light on 
actual implementation. 

Two years later, there's little 
question that the EU takes its 
environmental laws seriously. 
Several measures have joined 
RoHS in the EU's movement 
toward "green." Other countries — 
specifically, China and Korea — are 
releasing their own environmen- 
tal standards. EU enforcement 
bodies have prosecuted at least 
four RoHS-noncompliance com- 
plaints and investigated 
many others. "As far as the 
world going 'green' it's not 
a matter of 'if,'" says Ken 
Stanvick, principal of con- 
sultancy Design Chain 
Associates,"it's a matter of 
'when.'" 

Environmental statutes 
will continue to add com- 
plexity to the global elec- 
tronics supply chain. The 
sheer volume of informa- 
tion alone required of 
component suppliers and 
their distributors is stag- 
gering. "RoHS compliance 
doesn't mean you check 



off a 'yes' or 'no' box on a form to 
declare your products are compli- 
ant," says Georg Steinberger, vice 
president of communications for 
Avnet Electronics Marketing EMEA 
and director of Avnet's green 
efforts. "You have to know what 
materials are contained within the 
products you ship and be able to 
document those contents." 

The channel has invested in 
personnel, IT and facilities to iden- 
tify, track, store and ship both 
RoHS-compliant and noncompli- 
ant components. (Noncompliant 
components are still in demand 
because some electronics are 
exempt from RoHS.) Overall, the 
global electronics industry spent 
$32 billion initially to comply with 
RoHS, according to a survey con- 
ducted by researcher Technology 
Forecasters Inc. Distributors have 
also stepped up their engineering 
assistance to aid designers with 
component selection, materials 
compatibility and product lifecy- 
cle issues. But have these meas- 
ures prepared the channel for the 
next wave of green legislation? 

"There are no standards per 
se that define exactly what 'green' 
is," says Stanvick. "There's no con- 
sistent methodology around the 
globe." Still, the supply chain is 
responding to both the challenges 
and opportunities of an increas- 
ingly green world. 

RoHS: Just the Beginning 

When the calendar flipped to July 
2, 2006, the electronics supply 
chain did not grind to a halt. In 




Gary Nevison, 
director of 
legislation and 
environmental 
affairs for Newark 
and Farnell. 



fact, two years down the road, the 
distribution industry is beginning 
to breathe a sigh of relief. "The 
biggest problem for distribution 
was mixed stock," says 
Gary Nevison, director 
of legislation and 
environmental affairs 
for Newark and 
Farnell, "and that is 
smoothing out a bit." 
But July 2006 was just 
the beginning. The EU 
is currently reviewing 
the RoHS mandate 
with an eye toward 
expanding its reach. 
Experts say it's very 
likely that certain 
classes of electronics 
products originally exempt from 
RoHS — medical equipment and 
monitoring and control instru- 
mentation — will have to comply in 
the future. "Medical and test 
equipment were exempt because 
the reliability of unleaded solder 
was uncertain," says Nevison. 
"Today, more people are comfort- 
able with [unleaded]." 

Nevison and others say the 
expansion won't negate the chan- 
nel's RoHS efforts. However, a 
revised RoHS may also seek to ban 
more substances than those cur- 
rently cited in the mandate. This 
may become a huge undertaking 
because RoHS requires the materi- 
als content of an electronics prod- 
uct be declared and documented. 
"Getting materials information out 
of suppliers was a nightmare for 
distributors two years ago," says 
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Nevison, "and it will a nightmare 
when a revised RoHS takes effect." 
"You have to keep in mind that the 
migration from RoHS compliant 
products to noncompliant occurred 
over a varying time scale," says 
Brian McNally, president for Arrow 
Electronics Global Alliance and 
Supply Chain business. "There were 
pockets of demand all over the 
world [for both types of compo- 
nents] and managing that was a 
challenge." 

RoHS Part Deux 

Distributors and design engi- 
neers will face many of the same 
challenges with an expanded EU 
RoHS: components containing 
the banned materials will eventu- 
ally become obsolete. Lead-free 
solders may still pose some per- 
formance risk — these solders 
melt at very high temperatures 
and heat can damage many types 
of components. Distributors will 
have to obtain and stock newly 
compliant components. "Two 
years ago, distributors had a lot of 
both compliant and noncompli- 
ant stock in the warehouse," 
Nevison points out, "and that's a 
huge financial burden." 

A cascading wave of environ- 
mental mandates in other regions 
of the world creates another prob- 
lem: RoHS compliance doesn't 
mean your product will be compli- 
ant worldwide. Although China's 
and Korea's environmental man- 
dates closely resemble RoHS, each 
contains significant differences. 
China's two-phase Administrative 
Measure on the Control of 
Pollution Caused by Electronic 
Information Products (referred to 
as "China RoHS") covers a wider 
product scope; requires specific 
labeling; and calls for mandatory 
inspection and testing. Currently in 
its first phase, China RoHS does not 
yet restrict substances but requires 
the presence and amount of haz- 
ardous materials be declared on a 



label. If such substances are pres- 
ent, that label must show where 
the hazardous materials are locat- 
ed in the product. 

The second phase of China 
RoHS is expected to restrict sub- 
stances in certain products. These 
products, along with enforcement 
dates, will be specified in a catalog 
scheduled to be published in late 
2008. At this stage, testing and 
certification will be compulsory. 

The testing and certification 
requirement could create a bottle- 
neck in the electronics supply 
chain, experts say. Products 
exported to China must be tested 
and accredited by Chinese test 
houses. A smooth transition will 
depend on the efficiency of the 
authorized test houses and the 
number of products that appear in 
the first catalog. 

Korea's Act for Resource 
Recycling of Electrical/Electronic 
Products and Automobiles ("Korea 
RoHS") has already been adopted in 
South Korea. The act restricts haz- 
ardous materials; requires products 
be designed for efficient recycling; 
and mandates the collection and 
recycling of electronic waste. The 
scope for electrical products 
includes TVs, white goods, air condi- 
tioners, PCs and peripherals, and 
mobile phones. The directive also 
covers automobiles. 

Korea RoHS emphasizes the 
strict limitation of hazardous 
substances and design for easy 
recyclability. 

Another mandate on the 
industry's radar is the EU's 
Registration Evaluation Author- 
ization (and restriction of) 
Chemicals. REACH, which was 
implemented in June 2007, 
requires manufacturers and 
importers of chemicals and prepa- 
rations (ink, paint, varnish, clean- 
ing agents, fluxes, etc.) register 
these substances and provide 
directions for their safe use. Many 
of the 30,000 substances targeted 



are used in electronics products. 

This is an enormous under- 
taking, says Nevison. "Today there 
is no safety data outlining the risks 
on 21 percent of the chemicals 
used in high volume across the EU, 
and inadequate data on a further 
65 percent," he says. "REACH takes 
a completely different approach 
to substances than RoHS." 

In other words, eco-compli- 
ance is a moving target. Dist- 
ributors have been addressing the 
rapidly changing environment by 
ensuring their IT systems are flexi- 
ble. "Even before RoHS was official 
we were starting to think about IT 
tools that don't just manage the 
compliance data we know, but can 
integrate future changes," says 
Avnet's Steinberger. "You start 
with RoHS, WEEE, the battery 
directive and REACH and make 
sure you have a data management 
system that links a part number to 
all the other information the cus- 
tomer needs." 

Even those part numbers, 
however, pose a challenge. Not 
every supplier has created a new 
part number to identify RoHS-com- 
pliant parts. Distributor computer 
systems have difficulty differentiat- 
ing compliant and noncompliant 
devices, which needed to be stored 
separately. Newark and other dis- 
tributors have established internal 
numbering schemes to sort both 
kinds of products. "It was an 
absolute nightmare," says Nevison. 
"It was also the best decision we 
ever made." 

Opportunities and Challenges 

Distributors' ability to manage 
such mountains of data has served 
the channel well. "We have been 
able to build some excellent core 
processes to ensure we have good 
data and we will be able to build 
on that," says Arrow's McNally. 

"If we can provide informa- 
tion to customers in a professional 
and straightforward manner it 
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helps secure your position in the 
marketplace," says Steinberger. 

However, distributors are 
looking for more ways to service 
customers in the rapidly changing 
environment. One way is by assist- 
ing engineers in designing eco- 
friendly products. The EU's Waste 
Electrical & Electronic Equipment 
(WEEE) Directive — which was 
implemented this year — is closely 
associated with RoHS. WEEE 
requires 10 categories of electrical 
and electronic equipment to be 
collected, treated, recycled and dis- 
posed of when it reaches end-of- 
life. "Engineers now have to think 
about product design in terms of 
making the entire product recycla- 
ble," Nevison says. Along those 
lines, Newark recommends meas- 
ures such as substituting plastic 
clips for screws; labeling larger 
plastic parts, such as enclosures, 
with the type of plastic (and flame 
retardant) used; and avoiding 
metal inserts in plastic moldings. 

The Energy-using-Products 
Directive (EuP), which became EU 
law in November 2005, is a huge 



opportunity for distributors. EuP 
aims to improve the energy effi- 
ciency of electric/electronics 
devices throughout the product 
life cycle. EuP's focus is on the 
design phase since design deter- 
mines what resources will be used 
during a product's lifetime. Some 
components, for example, are 
more energy efficient than others. 
Because distributors are privy to 
their suppliers' product develop- 
ment roadmaps,the channel is in a 
good position to help engineers 
choose energy-efficient compo- 
nents and designs. 

"Where you had a technical 
sales force driven by a supplier to 
provide a product, you now have 
FAEs driven by lifecycle manage- 
ment and eco-friendly design. EuP 
is an integrated policy that follows 
a product from the design to the 
dumpster," says Steinberger. "You 
have to make sure all the issues 
are covered from the materials 
used to recycling and energy effi- 
ciency. This is where our engineer- 
ing know-how comes into play 
with customers." 



Newark, for example, recom- 
mends engineers design equip- 
ment with good ventilation and 
low power dissipation to avoid the 
need for power-consuming fans. 
The power consumption of ICs 
and other components varies con- 
siderably and that information can 
be hidden in lengthy data sheets. 
Distributors can help engineers 
select low power consumption 
components. Other tips from 
Newark include: 

• Using lower voltages. Power 
consumption is directly 
proportional to voltage and 
so halving voltage halves 
power consumption. 

• Using LCD rather than CRT 
displays. LCDs also use less 
power than LED indicators 
or filament lamps. 

• Using switch-mode power 
supplies instead of linear 
power supplies (lower power 
and work off a wider 
voltage range). 

Many in the channel believe 
these services are only the tip of 
the iceberg. DCA's Stanvick says 
many small companies don't 
have the means to develop their 
own compliance-assurance sys- 
tems and are looking to out- 
source that function. "We have 
been approached for help on 
WEEE, special packaging and 
labeling things and lifecycle 
management," says Avnet's 
Steinberger."We are always antic- 
ipating what the customer will 
expect so we'll be able to offer it 
as an add-on." 

Distributors, of course, would 
like to charge for such add-on 
services. But experts say that 
might be difficult. "One point of 
view is, you are taking something 
you have to do and spinning it as 
something you are willing to do," 
Stanvick says. "These environmen- 
tal laws aren't voluntary — this is 
the way things are going to be."M 



co-laws 



In addition to RoHS, WEEE and REACH, the European Union 
has two other environmental mandates to keep an eye on: 

ATEX Directive: The ATEX Directive (from the French ATmospheres 
EXplosible) is in fact two complementary directives. ATEX 1 37 is the Worker 
Protection Directive and ATEX 95 the Equipment Directive. 
The ATEX scope includes any equipment that is used where there is a risk 
that the atmosphere will contain flammable or explosive mixtures of air and 
gases, mists, dusts, vapors etc. New and used equipment and some types of 
components, such as relays, need to comply. ATEX took effect in 2003. 

Batteries Directive: The Batteries Directive aims to make businesses that 
produce and sell batteries responsible for collecting and recycling at end-of- 
life. EU member states are expected to adopt the measure by Sept. 28, 2008. 
Batteries containing more than a trace of cadmium will be banned except in 
emergency alarm systems, medical equipment and cordless power tools. It is 
likely that some types of nickel cadmium batteries will become obsolete. 
Also, batteries must be clearly labeled to show how long they will last from 
2009, allowing consumers the opportunity to compare cost versus lifespan. 



Additionally, Australia and Norway are considering their own environmental 
mandates and individual states in the U.S. have passed legislation. 
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WHERETO GO 



FOR GREEN 



The following is a sampling of Websites and organizations that provide information 
or services associated with international environmental mandates. This is not meant 
to be a comprehensive list. 



GENERAL INFORMATION 
The Blue Book 

http://ec.europa.eu/enterprise/newapproach/legislation/guide 
/document/1 999_1 282_en.pdf 

The EC's guide to the implementation of directives based on a 
global approach to environmental safety. 

Department of Toxic Substances Control 

http://www.dtsc.ca.gov/HazardousWaste/RoHS.cfm 

The DTSC aims to protect Californians from 
hazardous waste. 

Eco-Frontier 

http://www.kece.eu/data/Korea_RoHS_ELV_April_2007_EcoFro 
ntier.pdf 

Translates and analyzes Korea's environmental initiatives. 

The European Commission for the 
Environment 

http://ec.europa.eu/environment 
The European Commission's Environment 
Directorate-General (DG) initiates and defines 
new environmental legislation. It provides detailed 
information about all EU environmental mandates 
including RoHS, WEEE and REACH. 

Greensupplyline.com 

http://www.greensupplyline.com 

Compiles news and articles about a variety of 
environmental initiatives. 

REACH News 

http://www.reach-news.net 

Information and news on the EU's REACH mandate. 

RoHS Home Page 

http://www.rohs.gov.uk 

Information on RoHS, exemptions, amendments, news. 

RoHS and WEEE News 

www. rohs-news.com 

News articles from a variety of sources about ongoing environ- 
mental developments. 



CONSULTANCIES 
Agile Business Consultants 

http://www.pb-free.info 

Provides information and services on RoHS and 
WEEE compliance. 

Design Chain Associates 

www.designchainassociates.com 

DCA is a consultancy to the electronics industry and provides 
services on supply chain management; environmental issues, 
anti-counterfeiting and other industry issues. 

Elfnet 

http://www.europeanleadfree.net/default.asp 
ELFNET (European Lead Free soldering NETwork) is a European 
research network of the national organizations, technical experts 
and industry bodies in micro-electronics. ELFNET enables elec- 
tronics producers in the EU to meet an EU directive to introduce 
lead-free soldering. 

EMSL 

www.emsl.com 

An environmental testing firm providing analytical testing servic- 
es to support environmental investigations focused on asbestos, 
microbiology, lead paint, environmental chemistry, indoor air 
quality industrial hygiene and food testing. 

Envirowise 

http://www.envirowise.gov.uk/page.aspx?o=electronics 
Envirowise is a government funded organization that offers UK 
businesses free, independent, confidential advice and support on 
ways to reduce environmental impact. 

EPPA 

http://www.eppa.com 

Assists clients with management of the risks and opportunities 
resulting from the European political, regulatory and socio- 
economic landscape. 

Grace Compliance Specialist 

http://www.graspllc.com/China%20RoHS%20Standards%20- 
%20Limits.php 

Provides news and information about China RoHS. 
IMR 

www.imrtest.com 

Offers materials research and testing services, including failure 
analysis, expert testimony, lab management, product testing, 
training. 
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Intertek 

http://www.intertek-rohs.com 

Provides compliance assistance with RotiS, WEEE, REACH, California 
Proposition 65, China RoHS, Korea RoHS, EuP, Japan Green (JGPSSI) , 
and other mandates. 

Lead Out Project 

http://www.leadoutproject.com/main_h/index.asp?p=9>LEADOUT 

A European funded project on lead-free technologies. The main 
objective of the project is to provide technical support to a wide 
range of electronics manufacturers in Europe. 

Q Point Technology 

www.qpointtech.com 

Provides engineering and information assistance to meet environmen- 
tal compliance regulations. 

REACH Impact 

www.reachimpact.com 

Provides a methodology for REACH compliance. 

Soldertec 

www.lead-free.org 

Soldertec is a business providing laboratory testing, troubleshooting, 
and analytical services to the global electronics industry. 

Technology Forecasters Inc. 

www.techforecasters.com 

TFI is an industry consultancy specializing in electronics manufacturing 
services and provides guidance and implementation support for 
corporate-wide environmental best practices. 

INDUSTRY ORGANIZATIONS 
AeA 

http://www.aeanet.org 

Information on environmental legislation affecting the electronics 
industry. Includes a translation of China RoHS. 

Electronics Industries Alliance (EIA) 

www.eia.org 

Information on environmental legislation affecting the electronics 
industry. 

International Electronics Manufacturing 
Initiative (iNEMI) 

www.inemi.org 

An industry-led consortium of approximately 70 electronics manufac- 
turers, suppliers and related organizations. 

IPC 

www.ipc.org 

IPC is a global trade association dedicated to furthering the competitive 
excellence and financial success of participants in the electronics 
industry. 

National Electronics Distributors Association (NEDA) 

www.nedassoc.org 

NEDA is a not-for-profit trade association representing companies 
involved in the supplier authorized distribution of electronic compo- 
nents and parts, computer and computer peripheral components and 
test, measurement and control equipment; and their suppliers. 

Semiconductor Industry Association (SIA) 

www.sia.org 

The premier trade association representing the U.S. semiconductor 
industry. 



INTERNATIONAL TRADE 
ASSOCIATIONS 

European Electronic Component Manufacturers 
Association - European Semiconductor Industry 
Association (EECA-ESIA) 

http://www.eeca.org 

To promote and defend the vital interests of the European electronic 
components industry. 

Japan Electronics and Information Technology 
Industries Association (JEITA) 

http://www.jeita.or.jp 

The objective of the Japan Electronics and Information Technology 
Industries Association (JEITA) is to promote the healthy manufacturing, 
international trade and consumption of electronics products and 
components. 

Korean Semiconductor Industry Association (KSIA) 

http://www.ksia.or.kr 

Formed to promote the cooperation and the development of Korea's 
local semiconductor industry. 

Taiwan Semiconductor Industry Association (TSIA) 

h tt p ://w w w.t s i a . o r g .t w 

Formed to promote the cooperation and the development of Taiwan's 
semiconductor industry. 

COMPLIANCE/ENFORCEMENT 
Environmental Compliance Assistance Centers 

http://www.assistancecenters.net/about/index.cfm 

The Environmental Protection Agency (EPA) has sponsored partnerships 
with industry, academic institutions, environmental groups, and other 
agencies to launch the centers. The centers help businesses, local 
governments, and federal facilities understand federal environmental 
requirements and save money through pollution prevention techniques. 

ERA Technology 

h tt p ://w w w. e ra . co. u k 

A list of the RoHS enforcement bodies by country. 

National Printed Wiring Board Resource Center 

http://www.pwbrc.org 

Established by the National Center for Manufacturing Sciences (NCMS) 
in partnership with the IPC, and funded from the U.S. Environmental 
Protection Agency (EPA). The PWBRC provides easy-to-use, in-depth 
technical information on pollution prevention and regulatory compliance. 

National Weights and Measures Laboratory (UK) 

http://www.nwm l.gov.uk/Content.aspx?SC_ID=3 
Enforces RoHS compliance in the U.K. 

RoHS Group 

http://www.rohs.gov.uk/content.aspx?id=14 

A cooperative initiative of organizations providing RoHS conformity 
programs and support. 

SGS Group 

http://www.rohs.sgs.com 

Provides testing and certification services of electrical, electronic and 
telecommunication equipment. 

TUV Rheinland 

http://www.us.tuv.com 

Provides technical services worldwide to achieve sustained development 
of safety and quality. 
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on the Electronics Supply Chain 




INSIDE 



AND OUT 

Distributors embrace eco-culture 



For many distributors, 
"green" reaches far beyond 
shipping eco-friendly com- 
ponents to their customers. 
"Newark believes green 
extends beyond our responsibility 
to the electronics industry — we 
see it as part of our social respon- 
sibility," says Barry Litwin, senior 
vice president for marketing at 
Newark. "Aside from improving 
our competitiveness, we see it as a 
sound business practice." 

To varying degrees, distribu- 
tors have embedded green into 
their corporate culture, practicing 
everything from paper and pack- 
age recycling to reducing their 
company's carbon footprint. "In 
order to have any credibility in 
[the environmental] area, we have 
to walk the walk and talk the talk," 
says Georg Steinberger, vice presi- 
dent of communications for Avnet 
Electronics Marketing EMEA and 

Among the efforts Newark is taking toward its internal 
environmental goals: 

Measuring, since 2002, items such as carbon emissions and recycled content. 
Setting up green teams within its facilities that chart things such as 
emissions and energy costs. 
Being audited by a third-party energy expert. 

Reducing the amount of paper it uses in printing its catalog. "We are setting 
minimum standards of 2,500 pages a year and will augment that with 
Web-based catalogs and e-mail to our customers," says Barry Litwin, Newark 
senior vice president of marketing. Newark is also reusing packaging from 
suppliers and no longer uses packing peanuts. 

Newark's overall goals include: 

• Reducing C02 emissions by 3% by 2008 (versus 2006 base year) 

• Reducing C02 emissions by 10% by 2010 (versus 2006 base year) 

Results include: 

• 2,700 metric tons of waste is annually being recycled 

• This figure represents 63% of company waste 

Source: Newark Electronics 



director of Avnet's green efforts. 

A company's environmental 
policies also make a difference in 
the workforce, distributors say. 
"People are making this part of 
the criteria of who they are going 
to work for," says Steinberger. "It's 
not just the money and the job 
and the traditional aspects — it's 
also how a company behaves that 
is becoming important." 

At the same time, distribu- 
tors are cognizant of the impact 
the environmental movement has 
on their business. Increasingly, 
businesses want to partner with 
companies that are seen as green. 
"We get [environmental] question- 
naires from suppliers and we are 
seeing more of our customers 
making [green] a requirement of 
doing business," says Ken 
Manchen, Newark's director of 
environmental affairs. "You also 
see Top 1 00 companies such as HP 




that have embraced this goal and 
they quiz us more than anyone." 

The investment community 
is also rewarding companies with 
a good eco-track record. Newark is 
a member of the FTSE4Good Index 
of Corporate and Social Respons- 
ibility and has participated in the 
Business in the Environment 
regional survey of Corporate 
Environmental Engagement every 
year since its inception and has 
shown continual prog- 
ress, increasing its score 
by 5 percent in the lat- 
est survey. 

Has the channel 
been able to capitalize 
on green? Executives 
say it is difficult for a 
number of reasons to tie 
environmental compli- 
ance efforts directly to 
the bottom line. At the 
onset of RoHS, says 
Brian McNally, presi- 
dent, Arrow Electronics Global 
Alliance and Supply Chain, savvy 
inventory management created 
opportunities. "If you could see 
how demand for RoHS compliant 
and noncompliant parts was shift- 
ing, you could position your non- 
compliant products based on the 
expected demand and therefore 
create a market for yourself." 

Another opportunity, McNally 
says, is the data management 
resources distributors built. Arrow 
took a pro-active approach in 
gathering as much data as possi- 
ble from its more than 600 suppli- 
ers and vendors it's not franchised 
with. Customers that use Arrow's 
online tool for bill of material 
(BOM) scrubbing need informa- 
tion for the entire BOM, not just 
the portion it buys from Arrow, 



Barry Litwin, senior 
vice president for 
marketing at 
Newark. 
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The Global Environmental Regulation coverage continues online- 
visit: www.edn.com/greeninthechannel what _ s Hean; 



Risky Business: 

enforcement taking place across the globe. 



says McNally. "At the time of the 
transition to RoHS, many cus- 
tomers and suppliers were looking 
for good BOM information and we 
were able to sell more seats for our 
online subscription services." 

Sager Electronics is targeting 
opportunities in the growing clean- 
energy market: companies develop- 
ing alternative energy solutions and 
emission-reduction technologies. 
"Sager wishes to invest time on behalf 
of ourselves and our suppliers in 
those manufacturers who are invent- 
ing things that solve the world's prob- 
lems, and provide those engineering 
solutions to long term big picture 
problems," says Faris Aruri, vice presi- 
dent for corporate marketing. "With 
rising fuel costs and climate change, 
many are calling for wind, sun, and 
other earth friendly energy sources. 
Some have estimated the cost of 
transforming the nation to clean 
energy at $3 trillion over the next 30 
years. Huge investments will have to 
be made in technology." 

Still, industry experts say it'll 
be tough to build a competitive 
advantage around eco-friendli- 
ness. "None of the environmental 
mandates adopted so far are 
optional. So for any company in 
the supply chain, it's hard to claim 
there's an advantage to being 
'more' compliant," says Arrow's 
McNally. "We see offering compli- 
ance services as part of our job." 

"We have been able to build 
some excellent core processes to 
ensure we have good data," he 
adds. "We can leverage what we 
have learned from our prior expe- 
rience and build on that. This isn't 
going to go away; [environmental 
mandates] are only going to add 
more complexity to the supply 
chain." ■ 



What Does Green Mean? 

Standards Would Assist the Channel's Compliance Efforts 
SSrough the alphabet soup ^^^ro^ ^ 
romoliance is daunting for many companies. Industry experts say tw 
woTd's "StLdards»and"simplify»would help, but no one standards 
body oversees global mandates. 




YOU NEEDTHE RIGHT COMBINATION OF 
PRODUCTS AND PRICE. 

YOU NEEDTHE RIGHT SERVICES AND SOLUTIONS 
TO MATCH THEM. 

YOU NEED CARLTON-BATES. 



For more than 50 years, Carlton-Bates has provided outstanding products, 
customized services and assembled solutions to leading electronic and industrial 
companies in a wide variety of business sectors. 

Carlton-Bates offers world-class products from over 360 brand names and an 
inventory of 80,000 parts. From switches and relays to entire industrial control 
and automation solutions, we're well-equipped to serve you. Its the way we've 
been - right from the very beginning. 

ATTENTION NEDA EXECUTIVE CONFERENCE ATTENDEES: 
DON'T MISS THE CARLTON-BATES RECEPTION ON NOV. 3, 6-7 P.M. 



(b CARLTON-BATES 

^^^^ A SUBSIDIARY OFWESCO DISTRIBUTION, INC. 



WHAT YOU NEED. DELIVERED. 




If s not easy to spot bad parts, even wi the latest technology. 

Copies and counterfeits can look good and be bad to the bone. 
Bad for business, too. But when you buy from a Supplier Authorized 
Distributor, you don't have to worry. Supplier Authorized Distributors 
provide you with the genuine parts you specify, carefully handled and delivered, with full warranty 
support from the world's best manufacturers. For safe sourcing, just look for the NEDA Supplier 
Authorized Distributor logo. 




Supplier Authorized 
Distributor 



For a list of Supplier Authorized Distributors, 
visit the National Electronic Distributors Association. 
www.nedassoc.org 



productroundup 

DISCRETE SEMICONDUCTORS 




Power MOSFETS provide fast switching 
for high-side-MOSFET applications 

The vendor's line of synchronous dc/dc converters now includes the TPC80xx 
power MOSFETs suiting high-side-MOSFET applications and enabling a low- 
er gate charge and a lower gate resistance- The TPCM8004 features 30V maximum 
drain-to-source voltage, 24A maximum drain current, 11 -mH maximum on-resis- 
tance, 1H typical gate resistance, and a 3-5x4-65x0. 75 -mm TSSOP package. The 
TPC8030-H and the TPCA8031-H have 30V maximum drain-to-source voltage, 
24 A maximum drain current, 11 -mil maximum on-resistance, and 5X6X0. 95 -mm 
SOP packages. The TPC8037-H and the TPCA8038-H high-side MOSFETs have 
30V maximum drain-to-source voltage, 12A maximum drain current, 1 1 .4-mIl max- 
imum on-resistance, and 5x6Xl.6-mm SOP-8 packages. The TPC8030-H and the 
TPC8037-H have 111 gate resistance, and the TPCA8031-H and the TPCA8038-H 
feature 3 AO gate resistance. The TPC80xx dc/dc converters cost 52 cents. 
Toshiba America Electronic Components, www.toshiba.com/taec 



Rugged, 600V ICs are 
automotive-qualified 

The rugged AUIRS212xS family 
of single-channel high-side-driver 
ICs aims at low-, midrange-, and high- 
voltage-automotive applications, such 
as automotive drives, high-voltage ac- 
tuators, and fuel-efficient direct-injec- 
tion systems. The AUIRS2123S and the 
AUIRS2124S high-speed power MOS- 
FETs and IGBT drivers have a 10 to 
20V gate-drive supply range. The output 
drivers include high-pulse current-buf- 



fer stages for minimum driver cross-con- 
duction, and the floating-channel drives 
N -channel power MOSFETs or IGBTs 
in the high-side configuration, operat- 
ing as high as 600V. The AUIRS2123S 
has output signals in phase with the in- 
put signal, and the AUIRS2124S pro- 
vides output signals out of phase with 
the input signal. Both devices provide 
UVLO protection and CMOS-Schmitt- 
triggered inputs with pull-down. Avail- 
able in a lead SOIC-8 package, the 
AUIRS212xS costs 72 cents (100,000). 
International Rectifier, www.irf.com 
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Surface Mount 

and Pjufl-g, 



Now... 




• 0.4 Watts to 150 Watts 
Power Transformers 

• 1 15V/26V-400/800 Hz Primary 

• Secondary Voltages 
2.5V to 300V 

• Manufactured to MIL-PRF27 
Grade 5, Class S, (Class V, 
155°C available) 

• Surface Mount or Plug-In 

• Smallest possible size 
iPl co'sfcH\ Catalog I 




PICO 

Electronics, Inc 

143 Sparks Ave., Pelham, NY 10803 

Call Toll Free: 800-431-1064 
E Mail: info@picoelectronics.com 
FAX: 914-738-8225 

Delivery - Stock to one week 
INDUSTRIAL • COTS • MILITARY 













MasterCard. 
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DISCRETE SEMICONDUCTORS 



8, 1 2, and 1 6A triacs 
come in isolated 
TO220 packages 

□ The BTAxxxx series includes 12 
triacs with 8, 12, and 16 A avail- 
able power ratings and gate-trigger cur- 
rents of 35 and 50 mA. The series suits 



industrial and control applications with 
critical isolation-voltage and safety re- 
quirements- Features include an 800V 
blocking voltage, a 16A-rms on-state 
current rating, and 2000V/ fisec im- 
munity to dV/dt. Available in isolat- 
ed TO220 packages, the BTAxxxx tri- 
acs cost 45 cents for the 8A version, 47 



cents for the 12A version, and 54 cents 

for the 16A version (1000). 

On Semiconductor, www.onsemi.com 




MOSFET integrates rib- 
bon bonding with surface- 
mount power package 

□ The 250A STV250N55F3 power 
MOSFET combines ribbon bond- 
ing with a surface-mount power pack- 
age to deliver 1.5 -mil on-resistance 
with the ability to handle high currents 
for 55 V applications. The MOSFET op- 
erates at temperatures as high as 175°C, 
making it suitable for use in high-cur- 
rent electric-traction applications, in- 
cluding fork-lift trucks, golf carts, pallet 
trucks, lawnmowers, and wheelchairs. 
The device dissipates 300W at 25°C 
and has a 200A continuous-drain cur- 
rent. The STV250N55F3 costs $2.50 
(10,000). 

STMicroelectronics, www.st.com 

MOSFET line has 
low on-resistance 

□ The Siliconix 8 to 30V P-channel 
PowerPack SC-75 power MOS- 
FETs provide 0.05211 on-resistance, and 
the 8V devices provide gate-to-source- 
voltage on-resistance as low as 1.2V. The 
line also includes the single SiB411DK 
and dual SiB911DK 20V devices. The 
single device has an on-resistance of 
0.052 to 0.066CI at a 4.5V gate drive. 
The SC-75 devices come in 1.6X1.6- 
mm-footprint packages, and prices range 
from 10 to 15 cents (100,000). 
Vishay Intertechnology, 
www.vishay.com 




When Efficiency & Reliability Are Mandatory 
Get the Advanced® Difference 




Standard Ball Grid Array Socket Adapter Systems from Advanced 
Interconnections can be customized to meet your special socketing 
requirements in test, validation and production applications. 
Advanced BGA Socket Adapter Systems feature patented solder 
ball terminals for process yields comparable with 
direct device attach. Multi-finger contacts 
and screw-machined terminals assure 
reliable performance, even in the most 
demanding applications. Plus, we'll help you 
solve your toughest interconnection problems 
through our free application assistance program. 




Visit www.advanced.com/bga to learn more about 
The Advanced® Difference in BGA Socket Adapter 
Systems & other interconnect solutions. 




ADVANCED 

INTERCONNECTIONS. 



www.advanced.com I 8QQ. 424. 9850 
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HIGH PERFORMANCE 
SOCKETS & ADAPTERS 



man 




This aavernsing is Tor new 
and current products. 



!• Package Converters SOIC/DIP, 

BGA/QFP, BGA/BGA and more 
|» 40 GHz Bandwidth BGA/QFN Sockets 
» Heat Sinks available up to 100W 
1 Adapters for probing/test/prototype 
1 High Volume Production Adapters- BG A, 

QFP and more 
• SMT Package Emulation/Interconnect 

I Quick-Turn Complex Custom Adapters 

I Tel: (800) 404-0204 • Fax: (952) 229-8201 
I www.ironwoodelectronics.com 
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Embedded Modems 

It's Radicom for reliable, high-performance, 
simple to implement Serial TTL, RS232, USB, 
PC/1 04 and RF wireless modems, 
competitively priced. 




Featured - 
Half-Inch Modem™ 
Serial TTL interface 
T'xT'x 0.3" 
Global Compliance 

Count on Radicom to reduce time-to-market, 
lower cost, and improve product quality. 




Easily create and manage multi-level 
parts lists and specs, calculate costs, 
generate shopping and kit lists, print 
labels, generate RFQs and POs and 
much more... 



Parts 
Vendors 



Parts List Manager 
and Vendor Database 



^Radicom 



Affordable Mode 



ology 
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Get the full function DEMO at 

www. trilogy design, com 



Trilogy Design / 200 Litton Dr. #330 
Grass Valley CA 95945 / 530-273-1985 



CRN 

Embedded, Standalone, C/C++ Programmable 
CAN to Ethernet, USB, CF, TFT, RS232/485, 
ADC, DAC, l/0s, Relays, . . . 



QUICKLY ACCESS & EVALUATE 
TINY SMD COMPONENTS 



Automatic LCR and voltage measurement 
Automatic selection of best range 
Display of active and reactive components 
1 For SMT components as small as 0.3 mm 

www.smarttweezers.com 
Advance Devices Inc. 
1.800.453.5315 




• CAN-Engine™ 

Controller Area Network (CAN) 
with variable baud rate, low level 
register access, Ethernet, CompactFlash, ADCs... 



60+ Low Cost Controllers with TFT, ADC, DAC, UARTs, 300 
l/0s, solenoid, relays, CompactFlash, LCD, Ethernet, USB, 
motion control. Custom board design. Save time and money. 



1950 5th Street 
Davis, CA 95616 USA 
TFPM Tel: 530-758-0180 • Fax: 530-758-0181 
J. i_-,lvl\ www.tern.com 

INC. sales@tern.com I VISA I \W 
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TALES FROM THE CUBE 



BY GLEN CHENIER • TEETER TOTTER TREE STUFF 



Repeat offender 




A few years ago, I designed a multiplexer that inter- 
faced four Tl twisted-pair telephony lines to op- 
tical fiber. The integrated-CMOS Tl line drivers 
automatically generated the correct analog pulse 
waveshape to satisfy the Bellcore pulse mask re- 
quirements. Their only problem was they were 
somewhat picky about the termination impedance: More than 
10% termination mismatch away from 100H and they com- 
plained by producing a distorted pulse shape that no longer 
agreed with the mask. The greater the impedance mismatch, the 

more distorted the pulse shape- This the repeaters had an input impedance 
behavior was not a big deal; it is usu- 
ally easy to match line and termination 
impedances to better than 10%. 

All our prototypes were working fine 
until the day we obtained some Tl re- 
peaters from a well-known manufactur- 
er and attempted to drive their receivers 
with our prototypes- Our transmitted 
pulse waveform was almost unrecogniz- 
able on the scope; it looked just like it 
was driving into an open circuit. 

I called the repeater manufacturer, 
and a support engineer assured me that 



of lOOfi. He added that, when their 
other customers complained about sim- 
ilar problems, the standard approach 
was to tell them to add a 100H resistor 
across the receiver input. 

I pointed out that this approach 
would result in a 5011 termination and 
make things worse. If other custom- 
ers were having similar problems, then 
maybe something was wrong with the 
repeater design. The engineer insisted 
that there was nothing wrong with it; 
all their lab tests had shown that the 



"active termination circuitry" worked 
properly. But he did say he would look 
into it some more. 

In the meantime, my boss was some- 
what upset that I could not make our 
product work with these repeaters. I 
demonstrated that our product worked 
nicely with 100H termination, and be- 
cause it did not work with the repeaters 
there must be a repeater problem. The 
boss could not accept this hypothesis. 

About a week later, the repeater 
manufacturer engineer called me back 
and explained that improperly loaded 
CMOS drivers could be responsible 
for the pulse distortion. He also ex- 
plained that this problem had not 
shown up with older driver designs 
that used RC waveshaping networks. 
He then sheepishly admitted that the 
company's production department had 
made a vendor change for a FET in the 
active input-termination circuit. The 
new FET package had a different lead 
arrangement that production didn't 
notice at the time of substitution. 
Hence, all the repeaters the company 
had shipped since the vendor change 
did not present a 100H termination to 
the line, and production testing did 
not include input- impedance measure- 
ment. Oops! 

I offered to fix our repeaters myself 
if he could send the new FET-pinout 
arrangement, but he insisted that we 
return the repeaters to the company for 
rework. We did, and our product then 
worked great. 

The only problem we had after 
that situation was that a Baby Bell 
telephone company evaluated a prod- 
uct sample and complained about the 
transmitted pulse shape. Whoever had 
wired the central office made the mis- 
take of using 7211 twisted pair instead 
of the standard 100O cable.EDN 

You can reach design consultant Qlen 
Chenier at glen@teetertottertreestuff. 
com* Like Qlen, you can share your 
Tales from the Cube and receive $200* 
Contact edn.editor@reedbusiness. 



H www.edn.com/tales 
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INNOVATIVE AND FLEXIBLE 
150W POWER PACKAGES 




For a Rapid Resolution to 
your 150 Watt power challenges, 
Astrodyne's new PMK150 Series of J 
high density switching power supplies 
are designed to meet the space and 
performance needs of medical, industrial 
and instrumentation applications. 

The new PMK150 Series is available in 
Open Frame, U-Channel, Enclosed and 
Din-Rail formats with single output voltages 
ranging from 5 to 48 volts. 

The feature-rich PMK150 series includes 
an integral power-good LED indicator 
and output adjustment potentiometer, 
overvoltage,short circuit protection and 



I integral input line filtering, plus: 

• Universal input from 90-264VAC 
• Active Power Factor Correction 
• Medical and Industrial versions 
•Approved to UL60950 and UL60601-1-2 

• Open Frame is 5.5"L X 3.0"W X 1 .4"H 

• Flexible design platform 

• Screw terminal 

Call us at 800.823.8082 today. We'll listen 
and deliver the Rapid Resolution you deserve. 

Visit us on the web at astrodyne.com 



Astrodyne 



Rapid Resolutions 

See us at Electronica, Hall B2 Booth 249 



Precision Performance 



Lowest power zero-drift instrumentation amp 



The INA333 is the industry's lowest power zero-drift instrumentation amplifier. Featuring 75|jA quiescent 
current, 25|jV offset voltage, 1 .8V operation and an impressive power-to-noise ratio, the INA333 improves 
accuracy and stability while extending battery life in portable medical, handheld instrumentation, weigh 
scales and data acquisition applications. That's High-Performance Analog »Your Way™. 



v+ 




Jt/l Texas 

Instruments 



High-Performance Analog » Your Way and the platform bar are trademarks of Texas Instruments. 2188A0 
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